DATA SHEET 


NEC - MOS INTEGRATED CIRCUIT 
uPD70108H, 70116H 


V20HL™, V30HL™ 
16/8, 16-BIT MICROPROCESSOR 


DESCRIPTION 

The uPD70108H (V20HL) and uPD70116H (V30HL) are CMOS 16-bit microprocessors developed from the 
HPD70108 (¥20™) and uPD70116 (va0™). It offers higher processing speed and lower power consumption than 
the uPD70108 and uPD70116. 

The uPD70108H and uPD70116H are capable of operating at 16 MHz. In addition to the conveitional standby 
function, fully static internal circuits are employed in the uPD70108H and yPD70116H. This allows the 
HPD70108H and uPD70116H to have the clock stop function. Therefore, power consumption is significantly 
reduced in the uPD70108H and uPD70116H. Additionally, the zPD70108H and “PD70116H can operate at 5 V. 
However, the uPD70108H and uPD70116H are designed to also operate at 3 V. 


FEATURES 
¢ High-speed, low-power consumption version of #PD70108 and wPD70116 
* Single power supply (5 V or 3 V) 
* 125-ns minimum instruction execution time at 16 MHz (5 V) 
250-ns minimum instruction execution time at 8 MHz (3 V) 
* High-speed multiplication/division instructions: 
1.2 to 3.6 us (at 16 MHz, § V) 
2.4 to 7.1 ws (at 8 MHz, 3 V) 
« High-speed block transfer instructions: 
uPD70108H: 2M bytas/second (at 16 MHz, 5 V) 
1M bytes/second (at 8 MHz, 3 V) 
uPD70116H: 2M words/second (at 16 MHz, 5 V) 
1M words/second {at § MHz, 3 V) 


The information in this document is subject te change without notice. 


Document No. 1C-3552A The mark * shows major revised points. 
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ORDERING INFORMATION 


{1) yPD70108H 


Part number 


Package 


uPD70108HCZ-10 
yPD70108HCZ-12 
HPD70108HCZ-16 
yPD70108HGC-10-3B6 
pPD70108HGC-12-3B6 
HPD70108HGC-16-3B6 
pPD70108HG-10-22 
pPD70108HG-12-22 
HPD70108HG-16-22 
#PD70108HLM-10 
#PD70108HLM-12 
#PD70108HLM-16 


40-pin plastic DIP (600 mil) 
40-pin plastic DIP (600 mil) 
40-pin plastic DIP (600 mil) 
52-pin plastic QFP ({_|14 mm} (resin thicknass: 


52-pin plastic OFP ( 
§2-pin plastic OFP { 
52-pin plastic QFP { 


52-pin plastic OFP ( 
44-pin plastic QFJ ( 
44-pin plastic OFJ ( 
44-pin plastic OFJ ( 


Remark Plastic QFJ is a new name for PLCC. 


14 mm) (resin thickness: 


52-pin plastic QFP ([ | 


(_}14 mm) (resin thickness: 
[7J650 mil) 


14 mm) (resin thickness: 
114 mm) (resin thickness 
14 mm) (resin thickness: 


650 mil) 


[[650 mil) 


: 2.70 mm) 
+ 2.70 mm) 
: 2.70 mm) 
: 1.60 mm) 
; 1.50 mm) 
; 1,50 mm) 


yLPD70108H, 70116H 


Maximum operating frequency (MHz} 


(2) yPD70116H 


Part number 


Package 


pPD70108H, 70116H 


Maximum oparating frequency (MHz) 


pPD70116HCZ-10 
HPD70116HCZ-12 
pPD70116HCZ-16 
#PD70116HGC-10-3B6 
pPD70116HGC-12-3B6 
pPD70116HGC-16-3B6 
HPD70116HG-10-22 
pPD70116HG-12-22 
HPD70116HG-16-22 
yPD70116HLM-10 
HPD70116HLM-12 
#PD70116HLM-16 


40-pin plastic DIP (600 mil} 
40-pin plastic DIP (600 mil) 
40-pin plastic DIP (600 mil) 


52-pin plastic QFP ( 


14 mm) (resin thickness 


52-pin plastic GFP ((_|14 mm) (resin thickness: 


52-pin plastic GFP ([_] 
52-pin plastic OFP ([_] 


14 mm) (resin thickness 
14 mm) (resin thickness 


14 mm) (resin thickness: 


52-pin plastic QFP ( 


52-pin plastic GFP ([_]14 mm} {resin thickness: 


44-pin plastic OFJ ( 


(_J650 mil) 


44-pin plastic QFJ ( 
44-pin plastic QFJ (| 


Remark Plastic OFJ is anew name for PLCC. 


650 mil) 
650 mil) 


: 2.70 mm) 
: 2.70 mm) 
: 2.70 mm) 
: 1.50 mm) 
: 1.50 mm} 
: 1.50 mm) 
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PIN CONFIGURATIONS (Top View) 


(1) «PD70108H 


A1B/PS2 
AI7/PS1 
AtG/PSO 
AIS 

Voo 

Vo0 
GND 


Oy aAn han a 


Note Outputs high level in larg 


NC: No connection 


tc 1 Veo 
AN4 2 ALS, 
Ala a Ale/PSO 
Al2 4 A1?/PS1 
Att § A1g/PS2 
AIG 6 A19/PS3 
Ag 7 Rees uso“ 
peo a ET ee 
°o eo 
ADE ge HLORQ (RG/AKO) 
ADS é i HLDAK (ROVAK1} 
ADS ane WA (BUSLOCK) 
ADS 1O/M {8S2) 
AD2 BUF RW (8S1) 
ADI BUFEN (BSO) 
ADO ASTB (QS0} 
NMI INTAK (081) 
INT POLL 
CLK © READY 
GND © RESET 
& Ge ¢. 
@ eo? 
gL 2g ye eee 
g2alere2 Sep ye 
oO .9° 09° 0 9 Qo g 


52 51 50 49 48 47 46 46 44 43 42 41 


@) 38 


22-BU-DHB0L0L0d” 
2z-Z1-DHeOLOLdd 
z-or-oneoLo.dd” 


98E-91-ODHEOLOLdd” 


99E-ZL-JDH8OLOLGd7 
9BE-0L-ODHEOL0Ldd 
Ree 


15 16 17 18 19 20 21 22 23 24 25 26 


SARE SSSR 
oo Pm ed on = oO 
2222988228982 


je-scale mode. 


IC : Internally connected to GND. 
() : In large-scale mode 


uPD70108H, 70116H 


© ASTB (QS0) 
© INTAK (QS1} 
o POLL 

© READY 

© RESET 

© GND 

© GND 

ONC 

© GND 

Oo CLK 

© INT 

© NMI 

ONC 


»uPD70108H, 70116H 


© A16/PSO 
© A7/PS1 
© A1s/PS2 


AIO NC 
Ag © > AI9/PS3 
AB O O LBSO Nt 
AD? SiG 
ADE © RD 
4 PD70108HLM-10 Ts 
ADS #PD70108HLM-12 © HLDRC (RO/AKO) 
APD70108HLM-16 a Pea 
AD4 © © HLDAK (RO/AK1) 
AD3 © © WR (BUSLOCK) 
AD2 © © 10/M (BS2) 
ADI C BUF RW (BS1) 
ADO © BUFEN (BS0) 


NC 

NMI 
INT O 
CLK O 
GND O 
GND O 
RESET O 
READY O 
POLL O 
INTAK (QS1) O 
ASTB (QS0) © 


Note Outputs high level in large-scale mode. 


NC: No connection 
IC : Internally connected to GND. 
{) : In large-scale mode 


(2) »PD70116H 


38 
37 
36 
35 


AIG/PSO 
© AI7/PS1 
2 ATB/PS2 
© A1S/PS3 


OOrnaanar wn - 


34 © UBE 
3 3 3 33 fe—o SG 
aaa 22 o RD 
£23 pon teass 
ADE 2B 3 © HLDRQ (ROYAKO! 
ADS RRR 30 © HLDAK (ROVAKI) 
AD4 SNS 29 o WR BUSLOCK) 


o TO/M (BS2) 

© BUF RW (BS1) 
© BUFEN (BSO) 
© ASTB (050) 

© INTAK (081) 

° POLL 

© READY 


HPD70108H, 70116H 


© RESET 


z 
a 
ec 
g 
c 
6 
a 
= 
9 


HLDAK (ROVAK1} 


O WR (BUSLOCK) 


© fO/M (BS2} 
© BUF RW (BS1) 


© BUFEN (BSO) 


3] --o Nc 


QO 
2 
fo) 


51 50 49 48 47 46 45 44 43 42 41 


A18/PS2 © ASTB (CSO) 
AI7/PS1 © © TNTAK (QS1} 
A1G/PSO © POLL 

AIS Ree ees © READY 

Voo sggsgs © RESET 

eoccoced 

Voo Bassas © GND 

GND 4 z é Z Z ; o GND 

GND eee ees ONC 

le BARZSZ 2-SND 

Al4 BRE CLK 

AN3 INT 

Al2 NMI 

All NC 


14 15 16 


17 18 19 20 21 22 23 24 25 26 


oo orewwyvrmravr ev 
2522225289982 


NC: No connection 
IC : Internally connected to GND. 
{) : In large-scale mode 


yHPD70108H, 70116H 


A1g/PS3 
UBE 
SiG 
AD 


#PD70116HLM-10 
12 #PD70116HLM-12 34 
#PD701 16HLM-16 


© HLDRO (ROVAKO) 


O HLDAK (ROVAK1) 


> WR (BUSLOCK) 


© 1O/M (BS2) 
BUF R/W (BS1) 
© BUFEN (Bso) 


OQ 


ASTB (QS0) O 


INTAK (OS1) O 


NC: No connection 
IC : Internally connected to GND. 
() : In large-scale mode 


puPD70108H, 70116H 


INTERNAL BLOCK DIAGRAM 


(1) #PD70108H 


Internal address/data bus (:ADO-19} 


A1G/PSO-A19/PS3 
AB-AI5 


Bus 
BUFFER 


Ks > AD0-AD7 


LBSO = 
BUFEN(BSO),BUF RAWBS1) 
| 8 > lo/MiBS2) 

ASTBIQSO), INTAK(QS1} 
RD, WRIBUSLOCK) 


STATUS 
CONTROL 


T-STATE 
CONTROL 


eacecte HLDRO(RO/AKO} 
SONTOE HLDAK(ROVAKT! 
INTERRUPT NMI 

CONTROL se 

STANDBY 

CONTROL CLK 


QUEUE 
CONTROL 
‘| : : __ BCU 
EFFECTIVE ADDRESS 
GENERATOR 
e 


EXU 


INSTRUCTION ay Micro data 
BUSTORAGE [22> bus 


431SID34 
ssayday 7 


Lc 
PC 
AW 
Bw 
cw 
ow 
IX 
'Y 
Te 
TA 


yt SEQUENCE 
CONTROL 


Queue data bus {8 bits) 


INSTRUCTION DECODER 


| PSW 


Sub data bus 
(16 bits} 


Main date bus 


(16 bits} 


(2) 


yPD70116H 


Internal address/data bus (IADO-19) 


HPD70108H, 70116H 


At6/PSO-A19/PS3 


BUS 
BUFFER 


UBE 

BUFEN(BSO}, BUF RAWIBS1} 
| 8 > O/miBS2) 

ASTB(QSO), INTAK(OQS1) 
RD, WRIBUSLOCK) 


STATUS 
CONTROL 


SrcAaLS HLDRO(RG/AKO) 
conve HLDAK(RO/ART) 


PSW 


Sub data bus 
(16 bits} 


Main data bus 
{16 bits) 


INTERRUPT NMI 
CONTROL INT 


CONTROL CONTROL 


EFFECTIVE ADDRESS 
GENERATOR 


Micro data 


INSTRUCTION 
|] STORAGE bus 


[29> 


HILSID3Y 
ssaudav 7 


Queue data bus (8 bits) 


# SEQUENCE 
CONTROL 


INSTRUCTION DECODER 


pPD70108H, 70116H 


#PD70108, 70116 


Operating Voltage 5V 


MAX.: 10, 12.5, 16 MHz MAX.: 5, 8, 10 MHz 


At Voo=5 V MIN. : DC MIN. : 2 MHz 


Operating 
Frequency 


MAX.: 5, 6, 8 MHz 


At Vop=3 V MIN. = DC 


Does not operate 


———— 
Not provided Provided 


Pull-up Resistor of RO/AK Pin 
(in Small- Scale Mode} 


BUFEN eso)" H Hi-Z 


BUFRAW (Bsaseet H Hi-Z 


On Reset loys (Bs2)""" 


(Bs2)e" 


WR (BUSLOCK)"**" Hi-Z 


Ro Hi-Z 


§2-Pin Plastic QTF (Resin Thick 1.50 mm} Provided Not provided 


Note 1. (): In large-scale mode. 
2. uPD70108, 70108H 
3. uPD70116, 70116H 


HPD70108H, 70116H 


PIN FUNCTIONS 


1.1 
1.2 
1.3 


LIST OF PIN FUNCTIONS 
PIN STATUS UNDER SPECIFIC CONDITIONS 
FUNCTIONAL DESCRIPTION 


REGISTER CONFIGURATION 


2.1 
2.2 
2.3 
24 
2.5 
2.6 
2.7 
2.8 
29 
2.10 
2.11 
2.12 
2.13 
2.14 
2.18 
2.16 
2.17 
2.18 
2.19 


PFP (PREFETCH POINTER} 
0-03, Q0-05 (PREFETCH QUEUES)... 
DP (DATA POINTER)..... 
TEMP (TEMPORARY COMMUNICATION REGISTER) .. 
SEGMENT REGISTERS (PS, SS, DSO, DS1} 
ADM (ADDRESS MODIFIER) 
GENERAL-PURPOSE REGISTERS (AW, BW, CW, DW) 
POINTERS (SP, BP) AND INDEX REGISTER (IX, IY) .. 
TA/TB (TEMPORARY REGISTER/SHIFTER A/B}.. 
TC (TEMPORARY REGISTER C) 
ALU (ARITHMETIC & LOGIC UNIT) 
PSW (PROGRAM STATUS WORD} 
LC (LOOP COUNTER) 
PC (PROGRAM COUNTER) 
EAG (EFFECTIVE ADDRESS GENERATOR) . 
INSTRUCTION DECODER 
MICROADDRESS REGISTER 
MICROINSTRUCTION ROM 
MICROINSTRUCTION SEQUENCE CIRCUIT 


INCREASING INSTRUCTION EXECUTION SPEED 


3.1 
3.2 
3.3 
3.4 
3.6 


DUAL DATA BUS METHOD 
EFFECTIVE ADDRESS GENERATOR 
16/32-BIT TEMPORARY REGISTER/SHIFTER (TA, TB).. 
LOOP COUNTER (LC) 


PIN FUNCTIONS 


LIST OF PIN FUNCTIONS 


(1) Small-scale mode ($/LG = H) 


Pin Name 


A16/PS0-A18/PS3 


Input/Output 


Tri-state output 


LPD70108H, 70116H 


Function 


Address bus/processor status 


A8-A15 (uPD70108H) 


Tri-state output 


Address bus 


ADO-AD7 (uPD70108H} 


Tri-state output 


Address/data bus 


ADO-AD15 (uPD70116H) 


Tri-state input/output 


Address/data bus 


ASTB 


Output 


Address strobe 


_|—___ 


Output 


Interrupt acknowledge display 


Tri-state output 


Tri-state output 


1O/M (4PD70108H) 
TO/M (uPD70116H) 


—— 


Tri-state output 


External data buffer enable 


External data buffer read/write selection 


/O, memory selection 


LSBO (uPD70108H} 


Tri-state output 


Bus status 


UBE (uPD70116H) 


Tri-state output 


4 


Data bus upper byte enable 


Tri-state output 


Read strobe 


Tri-state output 


Write strobe 


Input 


Bus hold request 


Output 


Bus hold enable 


Input 


Input 


Small-scale/large-scale mode selection (=H} 


Non-maskable interrupt request 


Input 


Maskable interupt request 


Input 


System clock 


External ready display 


External polling display 


System reset 


13 


14 


(2) Large-scale made (S/LG = L) 


Pin Name 


A16/PS0-A19/PS3 


Input/Output 


Tri-state output 


Function 


Address bus/processor status 


A8-A15 (uvPD70108H) 


Tri-state output 


Address bus 


ADO-AD7 (uPD70108H) 


Tri-state input/output 


Address/data bus 


ADO-AD15 (uPD70116H) 


Tri-state input/output 


4 


uPD70108H, 70116H 


Address/data bus 


aso, OS1 


Output 


Queue status 


BSO-BS2 


Tri-state output 


Bus status 


LSBO (uPO70108H} 
(pin for small-scale mode) 


Output 


Outputs high level 


UBE (uPD70116H) 


Tri-state output 


{—— 


Data bus upper byte enable 


Tri-state output 


Read strobe 


Tri-state output 


Write strobe 


Tri-state input/output 


Bus hold request/enable 


——_—__——— 


Input 


Smail-scale/large-scale mode selection (=L) 


Input 


Non-maskable interrupt request 


Input 


Maskable interupt request 


Input 


System clock 


Input 


fxternal ready display 


input 


+—— 
External polling display 


Input 


Syetem reset 


1.2 


PIN STATUS UNDER SPECIFIC CONDITIONS 


(1) Small-scale mode 


Conditions 


Pin Name 
Halt 


A8-A15%**" (:PD70108H) 
ADO-AD7**" (:PD70108H) 
ADO-AD15***" (uPD70116H) 
A16/PS0-A19/PS3""" 


INTAK 
BUFEN‘**" 


1o/iane*? (zPD70108H) 
TO; (uPD70116H) 
LSBON"" (uPD70108H) 
UBEN**" (uPD70116H) 


Note 1. An internal latch is provided, so that the status before this pin goes into a high-impedance 
(Hi-Z} state is retained, until the pin is driven by an external source. 
2. High level only once (for about half a clock cycle) during the halt acknowledge cycie, 
otherwise low level. 
3. Outputs the high level as long as the reset signal is active, and goes into a Hi-Z state after 
the reset signal has become inactive and until the first bus cycle is started. Therefore, if the 
pin is not drivan by an axtarnal source, the high lavel is retained by a latch. 


uPD70108H, 70116H 


16 


16 


(2) 


Large-scale mode 


Conditions 


Hold Halt 


Pin Name 


A8-A15%°*" (4PD70108H) 
ADO-AD7™"" (yPD70108H} 
ADO-ADIS™*" (uPD70116H)} 
At6/PS0-A19/PS3"" 

aso 

os1 

BSonett 

psi" 

Bs2Ner 


DpENott 
UBE (zPD70118H) 


riz ijt ie 


RDN 


ce i ae 
aa 


BUSLOCK™™" 
RayAKaNet* 
RO/AK1Nt# 


LSB0™"* (yPD70108H} 
(pin for smatl-scale mode) 


x 


xryjrcl\t 


Note 1. Aninternal latch is provided, so that the status before this pin goes into a high-impedance 
(Hi-Z) state is retained, until the pin is driven by an external source. 

2. High level only once (for about half a clock cycle) during the halt acknowledge cycle, 
otherwise low level. 

3. Outputs the high level as long as the reset signal is active, and goes into a Hi-Z state after 
the reset signal has become inactive and until the first bus cycle is started. Therefore, 
if the pin is not driven by an external source, the high level is retained by a latch. 

4, The RO/AK pin is connected with e pull-up resistor in the large-scale mode. 


uPD70108H, 70116H 


Remark The circuit configuration of the latch is as shown below. To invert the status of the pin with a latch, 
a drive current higher than the latch inverting current (lick, li) is required. 


Output pin 


Output buffer 


Output pin 
Hed 
control 
Input/output pin 
Output buffer 
2 input/output pin 

Hi-Z 
control 


Input buffer 


7 


18 


uPD70108H, 70116H 


1.3 FUNCTIONAL CESCRIPTION 
Some pins have meaning only for small-scala systems or large-scale systems, while others are used for both 
small- and large-scale systems. 


{1} A8-A15 (Address Bus) ... Small/Large Scale (uPD70108H) 
A8-A15 output the middle 8 bits of the 20-bit address infarmation. 
A8-A15 are 3-state output pins and become high impedance during hold acknowledge cycles. 


{2} ADO-AD7 (Address/Data Bus} ... Small/Large Scale (uPD70108H) 
ADO-AD7 serve as the time-multiplexed address/data bus. The lower 8-bit output of the 20-bit address 
information and data input/output are multiplexed. 
16-bit data is input/output in two operations, the lower byte is the first byte, and the upper byte is the 
second. 
These pins are 3-state input/output pins and become high impedance during hold acknowledge cycles 
and interrupt acknowledge cycles. 


(3) ADO - AD15 (Address/Data Bus}... Small/Large Scale (uPD70116H) 

This bus, which is for both addresses and data, performs the low 16-bit output of the 20-bit addrass 
information. The byte/word data input/output are performed as well in the time-sharing method. 

uPD70116H accesses memory or I/O operands, in terms of two separate areas, i.e., the byte data bank 
which is accessed with an even-numbered address (ADO=0) and the byte data bank which is accessed with 
an odd-number address (ADO=1}. The least significant bit (ADO) does not have a meaning of its own as 
the address information word data; however, it is used to distinguish the byte bank of the odd-number 
address from that of the even-number address. 

In addition to ADO, there are also the UBE signals available for the purpose of accessing byte/word data. 
The UBE signals are used in a combination as shown in the table below. 


Even-number Address Word 1 
Odd-number Address Word First bus cycle 
| Second bus cycle | 


Even-number Address Byte 
Odd-number Address Byte 


The word operand of an odd-number address is accessed twice, i.e., in terms of the odd-number byte 
bank and the even-number byte bank. Inthe course of the access, "AD0=1° which indicates the odd-number 
address bank is output in the first bus cycle; and in the second bus cycle, "AD0=0" is automatically output 
in order to indicate the continuing even-number address bank. Each of the pins for 3-stated output. During 
hold acknowledge or interrupt acknowledge, they become high-impedance. in standby mode, they are 
fixed to either a high or low level. 


(4) NMI (Non-Maskable interrupt) ... Small/Large Scale 
NMI is a non-maskable interrupt request signal input, which cannot be masked by software. 
This signal is rising edge active, and is sampled in any clock cycle. Howevar, interrupt processing is 
initiated after completing the current instruction execution. 
The interrupt start address for this interrupt is determined by interrupt vector 2. 
The NMI signal must be held at high level, at least for five clock periods, after the rising edge. 
The priority order for the NMI interrupt is as indicated below. The hold request is accepted during NMI 


acknowledge cycles. 
INT < NMI < HLDRQ (small scale) or RG (large scale) 
This interrupt is also used to release the standby mode. 


(5) INT (Maskable Interrupt) .... Small/Large Scale 

INT is a maskable interrupt request signal input, which can be masked by software. 

This input is high level active and is sampled in the last clock period of an instruction. It is accepted, 
when interrupt is enabled (the interrupt enable flag (IE) is sat). The externat device checks whether or not 
the interrupt is accepted by the INTAK signal output from the CPU. 

The INT signal must be held at high level at least until the first INTAK signal is output. 

The priority order is as shown below. If NMI is simultaneously generated, the priority is given to the 
NMI, and INT will not be accepted. The hold request can be accepted during INT acknowledge cycles. 


INT < NMI < HLDRQ (small scale) or AQ (large scala) 
This interrupt is also used to release the standby mode. 


{6} CLK (Clock) ... Small/Large Scala 
CLK is the external clock input. Tha power supply current can be significantly reduced by stopping this 
CLK input (DC level). However, if the CLK input is halted while the RESET input is active (high jevel}, the 
source current specifications are not satisfied. 


(7) RESET (Reset) ... Small/Large Scale 
RESET is the high level active CPU reset input. This input has priority over any other operation. 
After reset, the CPU starts program execution from address FFFFOH. 
The RESET input is used for norma! CPU start. In addition, the RESET input is also used for releasing 
the standby mode. 
Do not stop the clock input when making the RESET input active. 


(8) READY (Ready} ... Small/Large Scale 
When the memory or 1/O cannot complete read/write operation within the basic CPU access time, this 
signal can be set to inactive (low level) to request the CPU to generate wait state (TW), in order to extand 
the read/write cycle. 
The CPU will not generate wait state, if the READY signal is active (high level} during T3 or TW states. 
The setup/hold time for this signa! must be satisfied; otherwise, no correct operation can be guaranteed. 
Therefore, external synchronization is necessary. 


(9) POLL (Poll) ... Small/Large Scale 
The POLL input is sampled by the POLL instruction. If this signal is low when checked, the processing 
moves to the next instruction execution. If it is high, the POLL input is sampled every 5 clock periods, until 
it becomes low. , 
This function is used to synchronize the CPU program with the external device operation. 


(10) INTAK (Interrupt Acknowledge) ... Small Scale 
INTAK signal is output, when an INT signal is accepted. The external device inputs the interrupt vector 
to the CPU through the data bus (AD7-ADO)} in synchronization with this signal. 
This output is fixed to high level in the standby mode. 


yuPD70108H, 70146H 
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uPD70108H, 70116H 


(11) ASTB (Address Strobe} ... Small Scale 
ASTB is the address strobe signal, used to latch the address information into the external latch. 
In standby mode, fix this pin to low level after setting it to a high level (for about 1/2 of a clock cycle). 


(12) BUFEN (Buffer Enable) ... Small Scale 
BUFEN signal is used as the external bi-directional buffer output enable signal. This signal is output, 
when transfarring data between the memory and I/O or when inputting interrupt vector. 
The BUFEN output is fixed to high during the standby mode. 
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles. 


(13) BUF RAV (Buffer Read/Write) ... Small Scale 
BUF RAW signal is output tc determine the data transfer directian for the external bi-directional buffer. 
High indicates CPU-to-external device transfer. Low indicates data transfer from the external device to the 
CPU. 
The BUF R/W output is fixed to high or low during the standby mode. 
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles. 


(14) 10/M (lO/Memory) ... Small Scale (uPD70108H} 
10/M signal distinguishes between I/O access and memory access. Low indicates I/O access, and high 
indicates memory access. 
The lO/M output is fixed to high or low during the standby mode. 
This pin is a 3-state output. it becomes high impedance during hold acknowledge cycles. 


(15) {O/M (10/Memory) ... Small Scale (uPD70116H) 
The signal for distinguishing the I/O access from the memory access is output. I/O is displayed at low; 
memory is displayed at high. 
In standby mode, this output is fixed either to a high or low level. 
This pin is for tri-state output. During hold acknowledge, it becomes high-impedance. 


(16) WR (Write Strobe} ... Small Scale 
WR signal is output, when writing to /O or memory. Whether write operation is performed to the 
VO or memory is determined by the 10/M signal (uPD70108H) or 1O/M signal (uPD70116H). 
The WR output is fixed to high, during the standby mode. 
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles. 


(17) HLDAK (Hold Acknowledge) ... Small Scale 


HLDAK is the hold acknowledge signal, which indicates that tha CPU has accepted the hold request 
(HLDRQ). 


The address bus, address/data bus, and 3-state output control bus become high impedance when this 
pin is active. 


(18) HLDRQ (Hold Request) ... Smal! Scale 
HLDRQ signal is used by an external device to request the CPU for the release of the address bus, 
address/data bus, and the control bus. 
The setup time for this signal must be satisfied; otherwise, no correct operation can be guaranteed. 
Therefore, external synchronization is necessary. 
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(19) RD (Read Strobe) ... Small/Large Scale 
RD signal is output when reading from I/O or memory. Whether read operation is performed with the 
/O or memory is determined by the 1Oo/M signal (uPD70108H) or 10/M signal (uPD70116H). 
RD signal is provided basically for the small scale mode. However, this signal is output in the same 
timing in the large scale mode. 
The RD output is fixed to high, during the standby mode. 
This pin is a 3-state output, and becomes high impedance during hold acknowledge cycles. 


(20) S/CG (Smail/Large) ... Small/Large Scale 
S/LG signal is usec to determine the CPU operation mode. S/LG signal must be fixed to high or low. 
When set to high, the CPU operates in the small scale mode. When set to low, the CPU operates in the 
large scale mode. 
Functions of pins listed below change, depending on the mode selected. These individual pins are 
assigned with different names as follows: 


Pin Name 


In small-scale mode In large-scale mode 
({S/LGsHigh level} {S/LG=Low level} 


INTAK ast 


ASTB aso 
BUFEN BSO 
BUFAAW BS1 


1O/M (uPD70108H} BS2 
TO/M (uPD70116H} 
WR BUSLOCK 
HLDAK RO/AKi 
HEDRO RO/AKO 
LBSO (vPD70108H) (Outputs high level) 


(21) LBSO (Latched Bus Status 0) ... Small Scale (uPD70108H) 
This signal is used in conjunction with the |O/M and BUFR/W signal to externally indicate the type of 
the current bus cycle. 


Type of Bus Cycle 
Program fetch 


Memory read 


Memory write 


Passive state 


Interrupt acknowledge 


V/O read 


VO write 


Halt 


Remark Outputs high level in large-scale mode. 
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(22) UBE (Upper Byte Enable) ... Small/Large Scale (uPD70116H) 
This pin outputs the signal which indicates that the upper 8 bits (AD8 to AD15) of AD0 to AD15 are used 
in bus cycles T2 to T4. 
The UBE signal becomes active (low level) during bus cycles Tt to T4. The bus cycles in which this signal 
becomes active include the following: c 


+ Bus cycle by the byte access to an odd-number address 
* Bus cycle by the first byte access to an odd-number address for the purpose of word data 
+ Bus cycle by the access to an even-number address for the purpose of word data 


Each cycle can be identified based on a combination of the address information and the UBE signal 
which are output during bus cycle T1 by the ADO pin. 


Pecans BE | ADO | Bus Cycle Court 


Even-number Address Word 


Odd-number Address Word First bus cycle 


Second bus cycle 


Even-number Address Byte 


Odd-number Address Byte 


The UBE signal continues to be at a low level during interrupt acknowledge (word access of an even- 
number address is required due to vector reading}. 

This pin is for tri-stated output. During hold acknowledge. It becomes high-impedance. In standby 
mode, it is fixed to a high level. 


(23) A16/PS0-A19/PS3 (Address Bus/Processor Status) ... Smali/Large Scale 
A16/PS0-A19/PS3 serve as bits 16 to 19 of the address bus. Thay also serve as the processor status 
signal. These contents are output in multiplexed mode. 
The upper 4 bits in the 20-bit memory address are output. During I/O access, all bits output 0. 
The processor status signal is output for both memory and I/O accesses. PS3 is always set to 0 in the 
native mode, and 1in tha emulation mode. PS2 outputs the contents of the interrupt enable flag (!€). PS1 
and PSO indicate which segment is currently used. 


Pe fe | teanoren | 
Pe fs | pm | 


cae eel 
foie eee 


These outputs are fixed to high during the standby mode. 
The A16/PS0-A19/PS3 pins are 3-state outputs, and become high Impedance during hold acknowledge 
cycles. 
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(24) ASO, QS1 {Queue Status) ... Large Scale 
QS0 and OS1 inform the external device (floating-point operation coprocessor) of the internal 
instruction queue status for the CPU. 


Instruction Queue Status 


No operation (no change in queue status) 


First byte of instruction 


1 o Empty 


fate We | After first byte of instruction 


“Instruction queue status” indicates the status, when the EXU accesses the instruction queue. The 
contents output to QS0 and QS1 are effactive only in the first clock period, immediately after the instruction 
queue is accessed. 

This status signal is provided for the floating-point operation coprocessor to monitor the CPU's 
program execution status, so that the coprocessor can perform processing in synchronization with the CPU 
when the control is transferred {by FPO: Floating-Point Operation instruction). 

These outputs are fixed to low in the standby mode. 


(25) BSO-BS2 (Bus Status) ... Large Scale 
BSO-BS2 are encoded to indicate the current bus cycle category to the externa! bus controller. 
The external bus controller decodes these signals and generates a control signal for accessing the 
memory or I/O. 


Type of Bus Cycle 


Interrupt acknowledge 


VO read 


VO write 


HALT 


Program fetch 


Memory read 


Memory write 


Passive state 


Thase outputs are fixed to high in the standby mode. 

Thase pins are 3-state outputs. They become high impedance during hold acknowledge cycles. 

These signals are high during the period from the rising edge of the clock immediately after RESET 
becomes active to the next rising edge of the clock. After the one clock cycle, these signals become high 
impedance. 
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(26) BUSLOCK (Bus Lock) ... Large Scale 
BUSLOCK is used to request other master CPUs in a multi-processor system not to use the system bus, 
when executing one instruction which follows the BUSLOCK prefixed instruction. 
This output is fixed to high during the standby mode. (However, if the BUSLOCK instruction is placed 
before the HALT instruction, this signal is fixed to low during the standby mods.) 
This pin is a 3-state output, and becomes high impedance during hold acknawledge cycles. 


(27) RO/AK1, ROVAKO (Hold Request/Acknowledge) ... Large Scale 
RO/AK1 and RO/AKO serve as the bus hold request input pins (RQ) and the bus hold acknowledge signal 
output pins (AK}. The priority is as indicated below: 


RQ/AK1 < RO/AKO 


These pins are 3-state inputs/outputs, and are provided with internal pull-up resistors. These pins are 
set to inactive state (high level) when open (float). 


When used for bus hold request input (RQ), the setup/hold time for this signal must be satisfied; 
otherwise, no correct operation can be guaranteed. Therefore, external synchronization is necessary. 


{28} Voo (Power Supply) ... Small/Large Scale 
Positive voltage power supply pins. 


(29) GND (Ground) ... Small/Large Scale 
GND. 


(30) IC (internally Connected) 
iC must be set to GND potential level. 


2. REGISTER CONFIGURATION 


2.1 PFP (PREFETCH POINTER) 

The prefetch pointer is a 16-bit binary counter, which retains the program memory address offset information 
for the instruction to be prefetched to the instruction queue by the BCU. 

The PFP is incremented each time an instruction byte is prefetched from the program memory by the BCU. 
When branch, call, return, or break instruction is executed, a new location is loaded into the PFP. In this case, 
the PFP contents become the same as those for the PC (Program Counter). 

The PFP is always used, together with PS (Program Segment) register. 


2.2 Q0-03, Q0-05 (PREFETCH QUEUES) 

The uPD70108H contains a 4-byte instruction queue (FIFO), which can store up to 4 bytes of instruction code 
Prefatched by the BCU. The uPD70116H is equipped with a 6-byte instruction queue {FIFO} and thus capable 
of storing up to 6 bytes of instruction codes prefetched by BCU. 

The instructions stored in the queue are executed by the EXU. 

The queue contents. are cleared, when a branch, call, return, or break instruction is executed or external 
interrupt is processed, and an instruction at a new location will be prefetched. 

Normally, the uPD70108H performs prefetching if there is an unused space of at least 1 byte available in the 
queue; and the uPD70116H does so if at least 1 word (2 bytes) is available. 

When successively executing a number of instructions, if tha average instruction execution time is fasterthan 
the number of clock periods necessary to prefetch each instruction code, when an instruction execution is 
completed, the next instruction code to be exacuted by the EXU is already provided in the queue. Therefore, 
the time necessary to fetch an instruction from the external memory can be excluded from the instruction 
execution time. As a result, the processing speed can be improved, compared to a CPU which fetches and 
axecutes instructions one at a time. 

The queue effectiveness decreases as the number of instructions, which clear the queue, increases or the 
number of instructions, having shorter instruction execution time, increases. 


2.3. OP (DATA POINTER) 

The data pointer is a 16-bit ragister, which specifies the variable read/write address. 

The effective address, generated by the EAG, and the contents of the register, including the memory address 
offset, are transferred to the data pointer. 


2.4 TEMP (TEMPORARY COMMUNICATION REGISTER) 

TEMP is a 16-bit temporary register used for communication between the external data bus and the EXU. 

The TEMP can be accessed in byte units. Therefore, the upper byte and the lower byte can be independently 
read/written. 

Basically, the EXU completes write operation when data is transferred to the TEMP; it completes read 
operation when confirming that data is transferred from an external data bus to TEMP. 


2.5 SEGMENT REGISTERS (PS, SS, DSO, DS1) 

Inthe uPD70108H and uPD70116H, memory addresses are divided into logical segments, which are 64K bytes 
each. The start address for each segment register is specified by the corresponding segment register. The offset 
from the start address is specified by a different register or by the effective address. 
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PS (Program Segment} PFP 


SP, Effective address 


SS (Stack Segment) 


IX, Effective address 


DSO (Data Segment 0) 


0S1 (Data Segment 1) iv 


The PS and the PFP (Prefetch Pointer}, and the DS1 and the lY registers are always paired. 

The SS is normally paired with the SP, However, when the BP register is selected as the base register, 
affective address is used as the offset. 

The DSO is used together with the IX register for block transfer processing. However, for other general 
processing, the effective address is used as the offset. 

In addressing using the BP register as the base register and the SS register as the segment register, any one 
of three other registers can be selected as the segment selection, using the the segment override prefix 
instruction (PS:, DS0:, DS1:). However, eight or more prefix instructions cannot be attached to other than prefix 
instructions. 


2.6 ADM (ADDRESS MODIFIER) 
ADM (Address Modifier) is used for generating a physical address (addition of segment register and PFP or 
DP), and increments the PFP (Prefetch Pointer). 


2.7 GENERAL-PURPOSE REGISTERS (AW, BW, CW, DW) 

The uPD70108H contains four 16-bit registers. Each of these 16-bit registers can be used as a 16-bit register. 
In addition, each of these 16-bit registers can be divided into upper and lower 8 bits, so that each can be accessed 
as an 8-bit register (AH, AL, BH, BL, CH, CL, DH, DL). 

Therefore, these registers can be used as 8-bit or 16-bit registers for various instructions, such as transfer, 
arithmetic operation, logical operation instruction, etc. 

These registers are used as default registers for certain instruction processings as foliows: 


AW : Word multiplication/division, word input/output, BCD rotation, data conversion 
AL : Byte multiplication/division, byte input/output, BCD rotation, data conversion 
AH : Byte multiplication/division 

BW : Data conversion 

CW : Loop control branch, repeat prefix 

CL : Shift instruction, rotate instruction, BCD operation 

DW : Word multiplication/division, indirect addressing input/output 
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2.8 POINTERS (SP, BP) AND INDEX REGISTER (IX, IY) 

SP and BP, and IX and IY are used as the base pointers or index registers, when accessing the memory in 
the based addressing mode, indexed addressing mode, based indexed addressing mode, etc. 

In the same way as for general-purpose registers, these pointers and index registers are used for transfer, 
arithmetic, or logical operation instructions. However, in this case, these pointers and index registers cannot 
be used as 8-bit registers. 

These registers are used as default registers for certain instruction processing, as follows: 


SP : Stack manipulation 
IX : Block transfer (source side), BCD string operation 
IY: Block transfer (destination side), BCD string operation 


2.9 TA/TB (TEMPORARY REGISTER/SHIFTER A/B) 

TA/TB is a 16-bit temporary register/shifter used for multiplication/division, and shift/rotate (including BCD 
rotate) instructions. 

When executing a multiplication/division instruction, TA and TB are paired to form a 32-bit temporary 
register/shifter. When executing a shift/rotate instruction, only the TB serves as the 16-bit temporary register/ 
shifter. 

The upper and lower bytes individually for TA and TB can be independently read/written through the internal 
bus. 

TA/TB becomes the ALU input. 


2.10 TC (TEMPORARY REGISTER C) 
TC is a 16-bit temporary register, used for multiplication, division, and other internal processings. 
The TC becomes the ALU input. 


2.11 ALU (ARITHMETIC & LOGIC UNIT) 

ALU (Arithmetic Logic Unit) consists of the full adder and the logic operation circuit, and performs arithmetic 
operations (addition, subtraction, increment, decrement, and complement operations) and logical operations 
(test, AND, OR, XOR, and test, set, clear, and invert in bit units). 


2.12 PSW (PROGRAM STATUS WORD) 
The program status word consists of six status flags and four control flags. 


Status flags 
+ V (Overflow) 
« § (Sign) 
» 2 (Zero) 
« AC (Auxiliary Carry} 
+ P (Parity) 
« CY (Carry) 


Control flags 
* MD (Mode) 
« DIR (Direction) 
« 1E (Interrupt Enable) 
« BRK (Break) 


uPD70108H, 70116H 
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These flags are manipulated in the stack in the following word image: 
1§ 14 13 12 11 #10 = =9 
11 1 
| 


8 7 6 S 4 3 2 1 0 
B 
M A Cc 
Status flags are automatically set or reset, according to instruction execution results (data value). 
The CY flag can be directly set, raset, or invarted by an instruction. 
The control flags are set or reset by an instruction, in order to control the CPU operation. 


The MD flag can be modified onty from the BRKEM instruction execution to the RETEM instruction. In other 
locations, the MD flag cannot be restored by executing the RETI or POP PSW instruction. 


2.13 LC (LOOP COUNTER) 

LC (Loop Counter} is a 16-bit register, which counts the number of lcaps for primitive block transfer, input/ 
output instructions (MOVBK, OUTM, ete.) controlled by repeat prefix instructions (REP, REPC, etc.), or the 
number of shifts for multiple bit shift/rotate instructions. 


2.14 PC (PROGRAM COUNTER) 

PC (Program Counter} is a 16-bit binary counter, which retains the offset information for the program memory 
address in the instruction to be executed next by the EXU. 

The PC is incramented each time the decoder fetches an instruction byte from the instruction queue. When 
a branch, call, return, or break instruction is executed, a new address location is |aaded into the PC, in this case, 
the PC contents become the same as those for the PFP (Prefetch Pointer). 
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2.15 EAG (EFFECTIVE ADDRESS GENERATOR} 
EAG (Effective Address Generator) logic computes an effective address necessary for accessing the memory 
at high speed. An address computation is completed in two clock period in any addressing mode. 


7. 6 5 3 2 #9 


mod mem 2nd or 3rd byte of instruction 


EAG 


Effective address 


The byte (2nd or 3rd byte) in which the instruction operand is specified is clocked in. If memory accessing 
is necessary, the EAG generates a control signal necessary for manipulating the ALU and related register, 
computes the effective address, and transfers it to the data pointer (DP). 

In addition, the EAG requests a bus cycle (memor read) to the BCU as necessary. 


2.16 INSTRUCTION DECODER 
The instruction decoder classifies the first byte in the instruction code into a group by function, and retains 
it during macro execution. 


2.17. MICROADDRESS REGISTER 

The microaddress register specifies the microinstruction ROM address to be executed next. 

The first byte for the instruction stored in the queue is clocked into this register as the start address to indicate 
the specified microinstruction sequence start address, when starting the microinstruction execution. 


2.18 MICROINSTRUCTION ROM 
The microinstruction ROM contains 1024 words of 29-bit wide microinstructions. 


2.19 MICROINSTRUCTION SEQUENCE CIRCUIT 
This circuit manages microaddress register contral, microinstruction ROM output control, and EXU and BCU 
synchronization. 


uPD70108H, 70116H 
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3. INCREASING INSTRUCTION EXECUTION SPEED 


The pPD70108H and uPD70116H are provided with the following hardware functions in order to reduce the 
instruction execution time: 


+ EXU internal dual data bus 

« Effective address generator 

* 16/32-bit temporary register/shifter (TA, TB) 

* 16-bit loop counter (LC) 

* PC (Program Counter) and PFP (Prefetch Pointer) 


3.1 DUAL DATA BUS METHOD 

In order to reduce the number of processing steps necessary for instruction execution, a dual data bus 
concept, with the main data bus (16 bits) and the sub data bus (16 bits), is employed. With this concept, the 
processing tima is reduced approximately 30%, compared to the processing time for a single bus system in 
implementing addition, subtraction, logic operation, and compare instructions. 


Register 


Temporary 
tegister/shifter 


Lead 
Subdata bus Main data bus 


Example: ADD AW, BW; AW — AW+BW 


Single bus Dual bus 
Step 1 ALU + AW ALU <— AW, BW 
2 ALU — BW AW <— ALU 


3 AW — ALU 


3.2 EFFECTIVE ADDRESS GENERATOR 
The effective addrass generator computes at a high speed an effective address necessary for accessing the 
memory. 
In the microprogram method, it took 5 to 12 clock periods to compute an effective address. However, with 
this sole use hardware, an effective address can be computed in two clock pariod for any addressing mode. 


mod tim 


EA GENERATOR 


’ 
Effective address 


3.3. 16/32-BIT TEMPORARY REGISTER/SHIFTER (TA, TB) 

The temporary register/shifter (TA, TB) are provided for multiplication, division, shift, and rotate instructions. 
With this circuit, especially, multiplication and division instruction execution speed is increased to approxi- 
mately 4 time faster than a method using the microprogram. 


TA+TB: 32-bit temporary register/shifter 
- For multiplication/division instructions 
TB: 16-bit temporary register/shifter 
- For shift/rotate instructions 


3.4 LOOP COUNTER {LC) 

The laop counter (LC} counts the number of loops for primitive block transfer, and input/output instructions 
controlled by the repeat prefix instruction, or counts the number of shifts for the multiple-bit shift/rotate 
instructions. 

For example, register multiple-bit rotation will be performed as shown below, and the processing speed is 
increased approximately 2 time faster than that of microprogram method. 


RORC AW, CL; CL = 5 


Microprogram method LC method 
8+4x5=28 clocks 7 +6 12 clocks 


3.5 PC AND PFP 

With the prefatch pointer (PFP), which addrasses the program memory when prefetching an instruction, and 
the program counter (PC}, which addresses the program memory for the current instruction execution, provided 
by hardware, the instruction execution time is reduced by several clock periods for branch, call, return, and break 
instructions, compared to that for the PFP only. 
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4. UNIQUE uPD70108H INSTRUCTIONS 


4.1 VARIABLE BIT FIELD MANIPULATION INSTRUCTIONS 

The INS (Insert Bit Field) and EXT (Extract Bit Field} instructions are provided as variable bit field manipulation 
instructions. These instructions are very effective for computer graphics and high level language. For example, 
these instructions are effective for Pascal packed array and record type data structure. 


(1) INS reg8, reg8'/INS reg8, imm4 
Of the 16 bits of data contained in the AW register, the data for the lower bits, specified by the second 
operand, is transferred to the memory area determined by the byte offset addrassed by the DS1 segment 
register and IY indexed register plus the bit offset specified by the value (0-15) for the first operand. 
After the transfer, the IY register and the register, specified by the first operand, are automatically 
updated to indicate the next bit field. 
Only 0-15 (0 specifies 1-bit length, 15 specifies 16-bit length) are effective as the value for the second 


operand. 
Bit length 
15 0 
|v 
a a 7777, 
vA 0) 
: Bit offset Byte offset 
eee I 
$$$ $$ 
| ‘ Memory 
1 t 
Byte Segment bass 
boundary (DS 1} 


Bit field data can cross memory byte boundaries. 


(2) EXT reg8, reg8'/EXT reg8, imm4 

Data for the bit field, whose length is specified by the second operand, is loaded from the mamory area 
determined by the byte offset addressed by the DSO segment register and IX indexed register, plus the 
bit offset specified by the value (0-15) for the first operand to the AW register. 

After the transfer, the IX register and the register specified by the first operand are automatically 
updated to indicate the next bit field. 

Only 0-15 (0 specifies 1 bit length, 15 specifies 16 bit length) are effective as the value for the second 
operand. 
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Bit i Bit pene Byte offset cami 
1 a 
— a 
A ae base 
boundary (DS 0} 


Bit-field dats can cross memory byte boundaries. 


4.2. PACKED BCD OPERATION INSTRUCTIONS 
The ADD4S, SUB4S, and CMP4S instructions process packed BCD as strings. The ROR4 and ROL4 instructions 
process packed BCD as byte or word format operands. 


(1) ADD4S 
This instruction adds the packed BCD string, addressed by the IX index register, to the packed BCD 
string, addressed by the IY index register, and stores the result in the string, addressed by the IY register. 
The length of the string (number of BCD digits) is specified by the CL register, and the operation result will 
affect the zero (Z} and carry (CY) flags. 


BCD string (IY,CL) — BCD string (lY,CL) + BCD string (IX,CL) 
(2) SUB4S 
This instruction subtracts the packed BCD string, addressed by the IX index register, from the packed 
BCD string, addressed by the IY index register, and stores the result in the string, addressed by the IY 
register. The length of the string (number of BCD digits) is specified by the CL register, and the operation 
result will affect the zaro (Z) and carry (CY} flags. 
BCD string (lY,CL} — BCD string (1¥,CL) - BCD string (IX,CL) 
(3) CMP4S 
This instruction performs the same operation as SUB4S, except that the result is not stored and only 


the zero flag (Z) and carry flag (CY) are affected. 


BCD string (IY,.CL) - BCD string (IX,CL} 
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(4) ROL4 
This instruction treats the byte data for the register or memory operand specified by the instruction as 
BCD data and uses the lower 4 bits of the AL register (ALL) to rotate that data one BCD digit to the left. 


reg/mem 


Upper | Lower 


(5) ROR4 
This instruction treats the byte data for the register or memory operand specified by the instruction as 
BCD data and uses the lower 4 bits of the AL register (ALL) to rotate that data one BCD digit to the right. 


reg/mem 


Upper | Lower 
4 bits | 4 bits 
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4.3 STACK MANIPULATION INSTRUCTIONS 


{1} PREPARE imm16,imma 
This instruction is used to generate a “stack frame” necessary for a block structure high level language 
(such as Pascal and Ada). The stack frame contains the pointers to point frames of variables that can be 
referanced from the procedure, and local variable area. 
The following explanation uses the following program example written in a Pascal! style language. 


program EXAMPLE; 
procedure P; 
var a,b,c; 
procedure Q; 
var de; 
procedure R; 
var f.g; 
begin 
d:=a+f+g; 
end; 
begin 
R; 
bi=d+e; 
end; 
begin 
a:=b+c; 
Q; 
end; 
(*main program*)} 
begin 
P; 
end. 


Remark All variables are word variables. 


In this program, procedure blocks are nested in three levels. Procedure P defines variables a, b, and 
c, procedure Q defines variables d and e, and procedure R defines variables f and g. Therefore, a, b, and 
c are referenced from procedure Q, and d and e in addition to a, b, and c, are referenced from procedure 
R as global variables. 

The PREPARE instruction copies the frame pointer, in order to assure local variable area and enable 
referencing to global variables. The first operand specifies the size (bytes) of the area assured for the local 
variables. The second operand indicates the depth of the procedure block (this depth is referred to as lexical 
level}. 

The base address for the frame generated by the PREPARE instruction is set into the base pointer BP. 

When the above EXAMPLE program is compiled, the assembler program, shown on the next page will 
be created (the DISPOSE instruction used in the assembler program returns the stack pointer SP and the 
base pointer BP to the condition which existed before the PREPARE instruction was executed. Refer to (2)). 
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‘ASSEMBLER PROGRAM 


START: MOV SP, SPTOP 
MOV BP, SP :@ 
CALL P FAC) 
BR SYSTEM 

P: PREPARE 6,1 :@ 
MOV AW, [BP] [B+BLEVEL*2] 
ADD AW, [BP] [C+CLEVEL*2] 
MOV (BP) [A+ALEVEL*2], AW 
CALL ro) 
DISPOSE 
RET 

Q: PREPARE 4,2 :® 
CALL R 
MOV AW, [BP] [D+DLEVEL*2] 
ADD AW, [BP] [E+ELEVEL*2] 
MOV 1Y, [BP] [BLEVEL*2] 
MOV SS:[IY] [B+BLEVEL*2], AW 
DISPOSE 
RET 

R: PREPARE 4,3 :® 
MOV AW, [BP] [F+FLEVEL*2} 
ADD AW, [BP] [G+GLEVEL*2] 
MOV 1Y, [BP] [ALEVEL*2] 
ADD AW, .SS:IIY] [A+ALEVEL*2}, AW 
MOV 1Y, [BP] [DLEVEL*2] 
MOV SS:IIY] {0+DLEVEL*2), AW 
DISPOSE 
RET 

> As+2 ALEVEL =-1 
> Be-4 BLEVEL=- 


7; C=-6 CLEVEL =-1 
; De#-2 DELVEL =-2 
: Ex+4  ELEVEL =-2 
: Fe=-2  FLEVEL=-3 
’ =-4 GLEVEL =-3 
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The following shows the process in which stack frames are generated according to the program execution 
progress. The numbers correspond to the numbers written in the comment fields. 


<= 
© 
= 
— 
i=] 
~ 
<= 
Co] 
i] 
= 
[=] 
em 
a 
a. 
= 


RET 


sP—> 


BP 


BP, SP —» 
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The PREPARE instruction first stores the BP into the stack. This is to restore the BP for the procedure which 
made the call, when the procedure is completed. The frame pointers (stored BP) in the range that can be 
referenced from the called procedure are then loaded into the stack. The range that can be referenced means 
a value which is the lexical level of the procedure minus 1. 

If the lexical level is 1 or greater, the own frame pointer is also loaded into the stack. This is to copy the frame 
pointer for the procedure, which made the call, when copying the frame pointer in the procedure called from 
this procedure. 

The value for the new frame pointer is then set into the BP, and the local variable area to be used by the 
procedure is assured in the stack. That is, the SP is decremented by the number of local variables. 


display = 2nd operand 
dynamics = 1st operand 


SP = SP-2; 
(SP) = BP; 
temp = SP; 
if display > 0 then begin 
repeat display-1 times 
begin 
SP = SP-2; 
BP = BP-2; 
(SP) = (BP}; 
end 
SP = SP-2; 
(SP) = temp; 
end 
BP =temp; 
SP = SP-dynamics 


Data Access Method 


(a) Accessing local variable 
A local variable is allocated in the procedure’s own frame. Therefore, the affective address for the 
local variable EA.L can be computed as follows: 


EA.L = SS:(BP+offset) 


Where, offset value is the result of addition of the frame size (base value for the frame that can be 
referenced) loaded in the fiame, with the offset value from the base value of the local variable area to 
the variable. 


(b) Accessing global variable 
A globa! variable accesses the base pointer to be referenced from the old base pointers loaded in 
the stack frame, then add the offset value to the variable to be referenced to that value. This value is 
the address at which the global variable is located. Therefore, the the effective address for the glabal 
variable EA.G can be computed as follows: 


EA.G = SS:((SS:(BP+offset1))+offset2) 


Where, offset1 is the offset value from the base value (BP value) for the current frame to the address, 
in which the base address for frame containing the global variable is stored. 

Offset2 is the offset value from the base value for the frame containing the variable to be referenced 
to that variable. 


(2) DISPOSE 
The DISPOSE instruction releases one frame from stack frames generated by the PREPARE instruction. 
The point valus, indicating the previous frame, is loaded into tha BP, and the point value, indicating the 
bottom position of the frame, is loaded into the SP. 


SP = BP; 
BP = (SP); 
SP = SP+2 
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4.4 CHECK AARAY BOUNDARY INSTRUCTION 
This instruction is used to verify that index values, pointing to the elements of an array data structure, are 
within the defined range. If the index value is not between these defined ranges when CHKIND is executed, a 
BRKS5 will occur. 
When using the CHKIND instruction, the defined value must be set into 2 words (the 1st word defines the 
lower limit, the second word specifies the upper limit) in the memory in advance. The index value should be 
a register (an arbitrary 16-bit register) used by the array manipulation program. 


CHKIND, reg 16, mem 32 


When (mem32) > reg16 or (mam 32+#2) < reg16 
TA — (015H, 014H) 

TC — (017H, 016H) 

SP — SP-2, (SP+1, SP} — PSW 

IE — 0, BRK < 0 

SP — SP-2, (SP+1, SP) — PS 

PS <TC 

SP — SP-2, (SP+1, SP}, — PC 

PC —TA 


Upper limit We 


= BRK 5 


Memory 


15 


mem32+2 (Upper limit} 


mem32 (Lower limit) 


Lower limit 


Y 


uLPD70108H, 70116H 


4.5 MODE MANIPULATION INSTRUCTIONS 

The uPD70108H and 70116H has two operation modes: native mode (normal operation mode) and emulation 
mode (emulates uPD80B0AF instruction set). Bit 15 is provided as the mode flag to select these modes. Setting 
MD to 1 specifies the native mode, and 0 specifies the emulation mede. 

The MD is directly or indirectly set/reset by the mode manipulation instruction. 

The following instructions change the mode from the native mode to the emulation mode: 


BRKEM (Break for Emulation) 
RETI (Return from Interrupt) 


The following instructions change the mode from the emulation mode to the native mode: 


RETEM (Return from Emulation) 
CALLN (Call Native routine) 


In addition, the mode returns from the emulation mode to the native mode, when a RESET is input or when 
an external interrupt is input-(NMI, INT}. 


Native mode RESET, NMI, INT 


RETI a 
\ \ eS EC \ 
% CALLN 
\ ee 
RETEM 

N 
BRKEM 

ty 


Emulation mode 
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(1) BRKEM imm8s 

BRKEM is the basic instruction to initiate the emulation mode. This instruction stores the PSW, PS, and 
PC, resets the MD flag to 0, and loads the interrupt vector specified by the operand to the PS and PC. The 
interrupt enable flag (IE} and the break flag (BRK) are not affected by this instruction. 

When an instruction code for interrupt service routine (for emulation} jumped in this manner is fetched, 
the CPU interprets and executes the instruction as an instruction of the zPD8080AF. 

The CPU treats the emulation mode as an interrupt service. 

In the emulation mode, the z.PD8080AF registers and flags are substituted for by the following registers 
and flags: 


““PDBOB0AF uPO70108H, 70116H 


uPDSOB0AF H#PD70108H, 70116H 


For stack manipulation, SP serves as the stack pointer in the native mode. However, in the emulation 
mode, BP serves as the stack pointer. By employing an independent stack pointer, the stack area is assured 
independently for both modes, in order to prevent destroying the stack for some other mode by erroneous 
stack manipulation. 

The SP, IX, 1Y, AH and four segment registers (PS, SS, DSO, DS1) used in the native mode are not affected 
by the emulation mode. 

In the emulation mode, the segment base for the instruction is determined by the PS register 
(automatically determined by the interrupt vector), and the segment base of data is determined by the DSO 
register (the programmer determins before entering the emulation mode). 


(2) RETEM (no operand) 

When the RETEM instruction is executed in the emulation mode (the instruction is interpreted as the 
HPDSO80AF instruction), the CPU restores the PS, PC, and PSW in the same way as when returning from 
an interrupt service, then returns to the native mode. In this case, the contents for the native mode (that 
is 1), stored in the stack by the BRKEM instruction, is restored. This sets the CPU to the native mode. 
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(3) CALLN imm8s 
When this instruction is executed in the emulation mode (the instruction is interpreted as the 
uPD8080A4F instruction}, the CPU stores the PS, PC, and PSW into the stack (MD=0 is stored here), sets the 
mode flag (MD) to 1, and loads the interrupt vector specified by the operand to the PS and PC. 
The interrupt enabie flag (IE) and the break flag (BRK) are not affected by this instruction. 
In this manner, the interrupt routine in the native mode can be called from the emulation mode. 
Use RET! instruction to return to the emulation mode from this interrupt routine. 


(4) RETI (no operand} 

The RETi instruction is generally used to return from an interrupt routine initiated by the BRK instruction 
or external interrupt in the native mode. However, if this instruction is executed at the end of the interrupt 
routine initiated by the CALLN instruction, PS, PC, and PSW are restored in the same way as normal. 
However, when the PSW is restored, the value (=0) for the mode flag (MD) for the emulation mode is 
restored to the MD. For this reason, the CPU is set to the emulation mode. Afterwards, instructions will 
be interpreted and executed as uPD8080AD instructions. 

In the same manner, the RETI instruction is used to return from an interrupt routine for the native mode, 
initiated by NMI, or INT interrupt request, generated in the emulation mode. 


4.6 FLOATING-POINT OPERATION COPROCESSOR CONTROL INSTRUCTIONS 


FFO1 fp-op/FPO1 fp-op, mem 
FPO2 fp-op/FPO2 fp-op, mem 


These instructions are used to control the external floating-point operation coprocessor. When the CPU 
fetches this instruction, the CPU outputs instructions for coprocessor to perform operations. The CPU only 
performs supportive processing (effective address computation, physical address generation, and memory read 
cycle initiation) necessary for the coprocessor to perform operations. 

When the coprocessor monitors this instruction, the coprocessor interprets the instruction as its own 
instruction and executes the instruction. In this case, the coprocessor uses the address information for the 
memory read cycle initiated by the CPU only, or both the address and read data, depending on the type of 
instruction involved. 

In terms of function, FPO1 and FPOQ2 are identical, except the type of code is different. 

In general, when writing in an assembler language, mnemonics, corresponding to each instruction for the 
coprocessor, are used rather than FPO1 and FPO2 mnemonics. 

When the FPO1 or FPO2 instruction is fetched, the CPU initiates memory read cycle, if the instruction is 
requesting memory accessing. However, the data read out by this operation is to be used by the coprocessor, 
so that the CPU will not clock in this data. 

When the coprocessor needs memory write cycle, the CPU initiates memory write cycle for the coprocessor. 
The data, read out as a result, will be ignored by the floating-point operation coprocessor. The floating-point 
operation coprocessor only latches the memory address information, and use it to execute memory write cycle. 
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5. INTERRUPT OPERATION 


The interrupts supported by the #PD70108H, 70116H can be divided into two types; interrupts generated by 
external interrupt requests and traps generated by software processing. They are: 


(1) External interrupts 


ta) NMI input (nonmaskable} 


(b} INT input (maskable) 
(2) Software traps 


(a) By instruction execution result 
* Divide error during DIV or DIVU instruction 
+ Array bound error during CHKIND 


(b) Conditional break instruction 
« When V = 1 when BRKV instruction is executed 


{c) Unconditional break instruction 
* 1-byte break instruction BRK 3 
* 2-byte break instruction BRK imm8& 


(d) Flag processing (single step) 
* Sets the BRK flag by stack manipulation 


(e) Emulation related instructions 
* BRKEM imm8 
* CALLN imms& 


For any interrupt, one location of the provided interrupt vector table is automatically selected, or is selected 
each time by specification, to determine the interrupt routine start address. 

Figure 5-1 shows the interrupt vector table. This table is allocated to the 1K-byte area for memory addresses 
Q00H to 3FFH, and can contain interrupt routine start addresses for 256 vectors (4 bytes for each vector) 


HPD70108H, 70116H 


Fig. 5-1 Interrupt Vector Table 


t 


1 
2 


00H _ 
Divide error 


ag04H 
Break flag 


GO8H 
NMI input 


Sole use 


H 
oac BRK instruction 


O10H 
BRKV instruction 


CHKIND instruction 


= 


Reserved 


O7CH 


Q80H 


General use 

* BRK immé8 instruction 
; © BRKEM instruction 

* {NT input (external) 

© CALLN instruction 


aFCH 


Vectors 0-5 are specified for sole uses. Vectors 6-31 are reserved and cannot be used for general purposes. 

Vectors 32-255 can be used for general purposes, and the 2-byte break instruction, BRKEM instruction, INT 
input, and CALLN instruction (in the emulation mode} can be used. 

Each interrupt vector consists of 4 bytes, and the lower 2 bytes are loaded into the PC as offset, and the upper 
2 bytes are loaded into the PS as base. 


Example: Vector 0 


PS €(003H, 002H) 
PC €-(001H, 000H) 
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The programmer must initialize the contents of each vector in the beginning of a program according to this 
format. 
The following is the basic step used to jump to an interrupt service routine. 


TA < Lower bytes in vector (offset) 
TC — Upper bytes in vector (base) 
SP — SP-2, (SP+1,SP} — PSW 
iE — 0, BRK — 0, MD<- 0 

SP — SP-2,(SP+1,SP) — PS 

PS TC 

SP © SP-2,(SP+1,SP) — PC 

POC <—TA 


6. STANDBY FUNCTION 


The uPD70108H and 70116H offar two standby modes to reduce power consumption. The standby mode is 
entered after the HALT instruction in the native mode or the HLT instruction in the emulation mode. 

In the standby made, the internal clock is supplied only to those circuits related to functions required to exit 
this mode and bus hold control functions. As a result, power consumption is reduced by about ten times the 
normal operation. 

Standby mode is canceled by the RESET input or external interrupt input (NMI, INT). 

The BUS HOLD function is still valid even during standby mode. Ifthe request for BUS HOLD is withdrawn, 
the uPD70108H or 70116H is placed back in standby mode. 


7. I/O ADDRESS RESERVE 


The upper 256 bytes (FFOOH-FFFFH} in I/O address space are raserved for futura use. Therefore, use of these 
addresses is not recommended. 


8. INSTRUCTION SET 


reg 8 


reg & 
reg 16 


reg 16° 
dmem 
mem 
mem & 
mem 16 
mem 32 
imm 
imm 3 
imm 4 
imm 8 
imm 16 
acc 

sreg 
sre-table 
sre-block 
dst- block 
near-proc 


far-proc 


near-label 
short-label 
far-label 
memptr 16 
memptr 32 


regptr 16 


pop-value 
fp-op 


Table 8-1 Operand Types 


8/16-bit general-purpose register 
(Destination register, when instruction uses two 8/16-bit registers) 


Source register, when instruction uses two 8/16-bit registers 
8-bit general-purpose register 

(Destination register, when instruction uses two 8-bit registers) 
Source register, when instruction uses two 8-bit registers 


16-bit general-purpose register 
(Destination register, when instruction uses two 16-bit registers) 


Source register, when instruction usas two 16-bit registers 
8/16-bit memory location 

8/16-bit memory location 

8-bit memory location 

16-bit memory location 

32-bit memary location 

Constant (0-FFFFH) 

Constant (0-7) 

Constant (0-FH) 

Constant (0-FFH} 

Constant (0-FFFFH) 

Register AW or AL 

Segment register 

256-byte conversion table 

Block name addressed by register IX 

Block name addressed by register lY 

Procedure within the currant segment 

Procedure within a different program segment 

Label within the current segment 

Label between -128 and +127 bytes from the end of the current instruction 
Label within a different program segment 

Word containing the destination offset address in the current segment 


Double word containing the destination offset address and segment base address 
in another segment 


16-bit general-purpose register containing the destination offset address in 
another segment 


Number of bytes to discard from the stack (0-64K, normally an even number} 


Immediate value which determins the operation code of an external floating-point 
coprocessor 


Register set 


uPD70108H, 70116H 
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Byte/word specification bit (0: byte, 1: word). However, when S = 1, byte date 
with extended sign is used as an 16-bit operand even if W = 1. 


Register field (000-111) 


Register field (000-111) 
(Source register, when two registers are used) 


Memory field (000-111) 
Moda field (00-10) 
Sign extension specification bit (0: sign not extended, 1: sign extended) 


Data to identify the instruction code of the external floating-point coprocessor 


(aad 

disp 
ext-disp8 
temp 
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Accumulator (16 bits} 
Accumulator (high byte} 
Accumulator (low byte) 

Register BW (16 bits} 

Register CW (16 bits) 

Register CW (low byte) 

Register DW (16 bits) 

Base pointer (16 bits) 

Stack pointer (16 bits} 

Program counter (16 bits} 
Program status word (16 bits) 
Index register (source) (16 bits) 
Index register (destination} (16 bits} 
Program segment register (16 bits) 
Stack segment register (16 bits) 
Data segment 0 register (16 bits) 
Data segment 1 register (16 bits) 
Auxiliary carry flag 

Carry flag 

Parity flag 

Sign flag 

Zero flag 

Direction flag 

Interrupt enable flag 

Overflow flag 

Break flag 

Made flag 

Memory contents indicated by parentheses 
Displacement (8/16 bits) 

8-bit displacement sign expanded to 16-bit 
Temporary register (8/16/32 bits) 
Temporary register A (16 bits) 
Temporary register B (16 bits) 
Temporary register C (16 bits) 
Temporary carry flag (1 bit} 
immediate segment data (16 bits) 
immediate offset data (16 bits) 
Transfer direction 

Addition 

Subtraction 

Multiplication 

Division 

Modulo 

AND 

OR 

XOR 

Two-digit hexadecimal value 
Four-digit hexadecimal value 
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No change 
Cleared to 0 
Set to 1 


Undefined 


BW+IX+disp 8 


BW+lY+disp 8 


Set or cleared, according to result. 


Value saved earlier is restored 
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BW+IX+disp 16 


BW+I¥+disp 16 


BP+IX+disp 8 


BP+iX+disp 18 


BP+IY¥+disp 8 


iX+disp 8 


lY+disp 8 


BP+l¥+disp 16 


IX+disp 16 


\V+disp 16 


Direct address 


BP+disp 8 


BP+disp 16 


Bw 


Table 8-6 8- and 16-Bit General 
Register Selection 


Teg, reg’ 


BWedisp 8 


Table 8-7 Segment Register 
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On the following pages, the instruction set is shown in table form. 
The number of clocks shown in the table is the time required for the execution unit to execute an instruction 
and is under the following conditions: 


* Dees not include prefetch time and wait time for bus 
+ Memory access is assumed to have 0 wait cycle. Therefore, the number of clocks for 1 bus cycle is 4. 


« I/O access is assumed to have 0 wait cycle. 
* The primitive block transfer instruction and primitive I/O instruction include tha repeat prefix. 


The number of clocks of an instruction that can execute byte and word processing (that has W bit) is indicated 
as follows: 


(1) sPD70108H 


Leftto/ : Value for byte processing (W = 0) 
Right to/: Value for word processing (W = 1) 


For details of the clock count of the instructions related to block transfer of uPD70108H, refer to 
Table 8-8. 


Table 8-8 Clock Count of Block-Transfer-Related Instructions (uPD70108H) 


Instruction Clock Count 
Byte operation (W=0) | Word operation (W=1) 


MOVBK 11+8x rep 11+ 16x rep 

(11) {19) 

CMPBK 74+ 14x rep 74+22x rep 
(13) (21) 

7+ 10x rep 7+14x rep 
{7) (11) 


7+9x rep T+ 13x rep 
(7) {11} 
74+4>x rep 7+4xrep 
{7) {11} 
94+8x rep 9+ 16x rep 
(10) (18} 
94+8x rep 9+ 16x rep 
(10) (18) 


Remark =‘ The values in the brackets are applicable if the operation was performed only a 
single time. 


51 


52 


(2) yPD70116H 


Left to /: Vatue for byte operation (W=0), or for word operation (W=1} of an even-number address 


Right to /: Value for word operation (W=1) of an odd-number 
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For details of the clock count of instructions related to block transfer of uPD70116H, refer to Table 


Table 8-9 Clock Count of Block-Transfer-Related Instructions (uPD70116H) (1/2) 


Byte operation (W=0) 


Instruction 


i 11+8x rep 
| ay 
| 


7+14x rep 
{13) 


Clock Count 


Odd- & odd-number 
address 


114+16x rep 
{19) 

7422 x rep 
{21) 


Word operation (Ws=1) 


Odd-& even-number 
address 


1t4+12x rep 
(15) 

7+18x rep — 
(17) 


Even- & even-number 
address 


11+8x rep 
(11) 

7+14x rep 
(13) 


i 9+8xrep 


! (10) 
———+ 


+ 16x rep 
{18) 


i 9+8xrep 
: (10) 


Remark 


9+ 16x rep 
(18) 


9+ 12x rep 
(14) 


9+8x rep 
{10} 


9+12x rep 
(14) 


9+8xrep 
{10} 


The values in the brackets are applicable if tha operation was performed only a signie time. 


Table 8-9 Clock Count of Block-Transfer-Related Instructions (PD70146H) (2/2} 


Cloék Count 


instruction 


Byte operation (W=0) 


Word operation (We1) 


Odd-number address Even-number address 


CMPM T+ . x rep 74 14x rap 
(11) 


a 
(Tt 


Remark 
time. 


7+4x rep 
{7} 


rep 7+ 13x rep 
(11) {7) 
7+8xrep 7+4x rep 


(11) (7) 


Faas 


The values in the brackets are applicable if the operation was performed only a signle 


és 


Instruction 
Group 


Data transfer instruction 


Mnemonic 


Operand 


reg, reg’ 


Operation Code 


9210\766 4321 


Operation 


reg<-reg’ 


mem, reg 


{mem)creg 


eg, mem 


tege-(mem} 


mem, imm 


{mem)cimm 


reg, imm 


regcimm 


acc, dmem 


When W = 0, AL—(dmem) 


When W «= 1, AHe-(dmem+1}, AL-~(dmem) 


dmem,acc 


Whan W = 0, (dmem)<AL 
When W = 1, (dmem+1)<-AH, (dmem}<—AL 


sreg, regi6 


sreg,mem16 


11 «0 sreg 


reg 


sreg<—reg16 sreg: SS, DSO, DS1 


Imod 0 sreg 


mem 


srege-(mem16) sreg: SS, DSO, DS1 


reg16, sreg 


mem 16,sreg 


1:1 0 sreg 


reg 


reg16<sreg 


0 
9 
0 


mod 0 sreg 


mem 


(mem16)<-sreg 


DSO, reg16, 


mem32 


mod reg 


mem 


reg16<—(mem32), 
DSO<(mem32+2) 


DS1, reg16, 


mem32 


AH, PSW 


PSW, AH 


regi6—(mem32), 
DS1—{mem32+2) 


AHCS, Z, x, AC, x, P, x, CY 


S, Z, x, AC, x, P, x, CYe-AH 


reg16, 


mem16 


regi6<_mem16 


HOLLOZ ‘H80L020d” 


9 


Instruction 
Group 


Data transfer instruction 


Mnemonic 


src-table 


Operation Code 


210 


76543210 


Operation 


AL (BW+AL) 


reg, reg’ 


fegoreg’ 


mem, reg 


reg, mem 


(mem)oreg 


AW, reg16 


regi6, AW 


AWoreg16 


Repeat prefix 


While CW = 0, executes the primitive block 
transfer of the successive bytes, and decrements 
{-1) CW. If any interrupt has been on hold, the 
interrupt is processed. Exits from loop, when CY 
#1. 


Same as above. 
Exits from loop, when CY # 0. 


While CW < 0, executes the primitive block 
transfer of the successive bytes, and decrements 
¢-1) CW. If any interrupt has been on hold, the 
interrupt is processed. Exits from loop, when the 
primitive block transfer instruction is CMPBK or 
CMPM and Z # 1. 


Same as above. 
Exits from loop, when Z 4 0. 


H9LLOZ ‘H80LOZdd" 


Mnemonic | Operand Operation 


| fi 
Operation Code 
A 


Instruction 
Group 


76543210;76543210 
dst-biock, [101001 0W When W = 0, (IV}< (IX) 

src-block Table 8-8. .| DIR = 0: IXeIX+4, (Y¥Cl¥+1 
DIR = 1: IX<IX-1, IYlY-1 


When W = 1, (1¥41,E¥}—(IX41,1X) 
DIR = 0: IXCHX+2, Wel¥+2 
DIR = 1: IX¢-1X-2, IY¥el¥-2 


sre-block, 11010017 1W Refer to When W = 0, (1X) - (I¥} 


dst-block Table 8-8. | DIF = 0: IXCIX 1. Ve l¥41 


DIR = 1: IXe_-1, I¥ClY-1 


When W = 1, (1X+1,1X) - (I¥4+1,1Y) 


DIR = 0: IX1X+2, ¥<1¥+2 


DIR = 1: IXeIX-2, IY l¥-2 
dst-biock 10101317W Referto | Referto | When W = 0, AL-(IY) 


Table 8-8. |Table 8-9.) DIR = 0: IYCI¥+1; DIR = 1: IYelY—1 


When W = 1, AW ~ (I¥+1, IY) 


Primitive block transfer instruction 


DIR = 0: I¥—l¥+2; DIR = 1: IYCIY-2 


sre—block 1010110W Referto | Referto | when W = 0, AL<(IX) 


Table 8-8. |Table 89.) DIR = 0: IX_1X+1; DIR 
When W = 1, AWe-(IX+1, IX} 
DIR = 0: IX+2; DIR = 1: IXCIX-2 


1010101W Refer to When W = 0, (IY)—AL 
Table 8-8. | DIR = 0: IYC1¥41; DIR = 1: (¥el¥-1 


When W = 1, (1¥+1, IY)<-AW 


DIR = 0: IVAlY¥+42; DIR = 1: ¥et¥-2 
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ss 


9s 


fi 
Operation Code Number of Clocks 
A 


Mnemonic {| Operand Operation 


Instruction 
Group 


21017 65 BPOTOLO8H | vPD70116H 
reg8,reg8' 31-117/ | 16 bit field—-AW 


36-133 


reg8,imm4 31-117/ | 16-bit field AW 


35-133 


regB8,reg8" 26-55/ | AWe-16 bit field 


34-59 
reg8,imm4 26-55/ | AW<16 bit field 
34-59 


Bit field operation instruction 


acc,imms 913 |When W = 0, AL(imma&) 
When W = 1, AH—(imm8+1), AL—fimma) 


When W = 0, AL--(DW}) 
When W = 1, AH(DW+1), ALH(DW) 


imm8,acc When W = 0, (imm8)<-AL 


VO instruction 


When W = 1, fimm8+1)—AH,(imm8}<AL 


When W = 0, (DW)<-AL 
When W = 1, (DW+1)—AHADW)—AL 
Refer to | Referto |When W = 0, (IY)<(DW) 


Table 8-8. | Table 8-9.) DIR = 0: I¥<—l¥+1; DIR = 1: IY—l¥-1 


When W = 1, (I¥+1, IV}—(DW+1, DW) 
DIR = 0: I¥Cf¥+2; DIR = 1, ¥e—l¥-2 


Referto | Referto |When W = 0, (DW) IX} 


Table 8-8. |Table 8-9.) DIR = 0: IX<IX+1; DIR = 1: IX<CIX-1 


Primitive I/O instruction 


When W = 1, (DW+1,DW)<-(IX+1, 1X} 


DIR = 0: IX<e-1X+2; DIR = 1: IXe-1X-2 
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4g 


Instruction 
Group 


Addition/Subtraction instruction 


Mnemonic 


Operand 


reg,reg’ 


00001Wj1 1 reg 


Operation 


reg-reg+reg’ 


mem,reg 


0000 0 Wimed-~ reg 


|reg.mem 


9 00 0 1 Wimed- reg 


reg.imm 


mem,imm 


oo0oo00o0s8Wj11000 


(mem)<—(mem)+reg 


reg<—reg+(mem) 


rege-regt+imm 


0 000 s Wimod 0 0 0 


{mem}<imem)+imm 


acc,imm 


ooo10W 


When W = 0, AL--AL+imm 
When W = 1, AWC AW+imm 


feg,reg’ 


01001W|1 1 


mem,rag 


0 10 0 0 Wimod 


feg,mem 


0 10 0 1 Wimod 


regcreg+reg’+CY 


(mem)<(mem)+reg+CY 


ragereg+(mem)+CY 


Teg.imm 


0000s8sW/11010 


regeregtimm+CY 


mem,inm 


0 000 s Wimod 0 10 


(mem) (mem}imm+CY 


acc,imm 


01010W 


2-3 


teg,reg’ 


1010 1Wj)11 reg 


mem,reg 


1 010 0 Wimod_ reg 


2 


2 


1 eee 


When W = 0, ALC AL+imm+CY 
When W = 1, AWCAW+imm+CY 


ragereg-reg’ 


2-4 


16/24 


(mem)<(mem)-reg 


reg.mem 


10 10 1 Wyimod~ reg 


2-4 


191/15 


regereg-imem) 


teg,imm 


oo00o00.csWI177101 


3-4 


reg¢-reg-imm 


mem,imm 


ooaosw 


(mem)<(memLimm 


acc,imm iA 0 


10110W 


|When W = 0, AL~AL-imm 


When W = 1, AW AW-imm 


feg,reg’ 


mem,reg 


o1100W 


o1101W 


rege-reg-reg’-CY 


{mem)<(mem)-reg-CY 


reg,mem 


01701W 


regereg—(mem)-CY 


reg,imm 


0000 sW 


regereg-imm-CY 


mem,inm 


0 0600 s Wimod 0 1 1 


(mem}<—(mem)-imm-CY 


acc,imm 


o1110W 


When W = 0, AL~-AL-imm-CY 
When W = 1, AWC AW-imm-CY 


JAN 


H9LLOZ ‘H80L0Zdd" 


i] 


Operation Code Number of Clocks 
Mnemonic | Operand Operation 


JAN 


Instruction 
Group 


210 pPDTO108H | zPD70116H 
19xn+7 |19xn+7 | dst BCD stringedst BCD string + src BCD string* 


19xn+7 |19xn+7 | dst BCD stringe—dst BCD string - src BCD string* 


19xn+7 /19xn+7 | dst BCD string — src BCD string* 
reg 
: 
mem 
=o Sr Scien 
4 


BCD operation instruction 


mem 
ert 


reg8creg8+1 


(mem) —(mem)+1 


reg16<_regt6+1 


reg8<_reg8-1 


(mem)e(mem}-1 


Increment/decrement instruction 


010 0 Treg reg 16e_regi6-1 


HOLLOZ ‘H80L0Zdd" 


n_: Half of the number of digits of BCD 
* ; The number of digits in BCD is specified using the CL register. Its value can range from 1 to 254. 


Mnemonic | Operand Operation 


fi 
Number of Clocks 
A 


Instruction 
Group 


sPD70116H 


AWCALxreg8 
AH = 0: C¥-0,V-0 
AH #0: C¥e-1,Ve1 


AW--ALx(mema) 
AH = 0: CYC-0,Ve0 
AH #0: C¥C-1,Ve-1 
DW, AWe-AWxreg16 
DW = 0: CY¥e-0,Vc0 


DW # 0: C¥-1,Ve-1 


OW,AW<AWx(mem 16) 
OW = 0: CY¥-0,V0 
OW # 0: C¥¢-1,Ve-1 


AW-ALxreg8 


AH = Sign extension for AL: CY0,Ve—0 
AH # Sign extension for AL: CY¥—1,Ve-1 
; AWeALximems) 
AH = Sign extension for AL: C¥<-0,Ve-0 


Multiplication instruction 


AH # Sign extension for AL: C¥-1,Ve-1 


DW,AW<AWxreg16 


DW = Sign extension for AW: CY¥<0,V<—0 


DW =# Sign extension for AW: C¥¢-1,Ve-1 


i DW,AW<AWx(mem16) 


DW = Sign extension for AW: CY<0,V—0 


DW # Sign extension for AW: CY<1,Ve-1 


HOLLOZ ‘H80L0Zdd" 


6s 


09 


JAN 


Mnemonic | Operand \f Operation 


Instruction 
Group 


MUL reg16, reg16<—reg16‘ximm8 


{cont'd) | (reg16",)* Product < 16 bits: CY¥0,Vc0 


imms Product > 16 bits: CY—1,V—1 


regt6, reg16—(mem16)ximms 


memt6, Product s 16 bits: CY—0,VC0 


imms Product > 16 bits: CYe-1,.V<-1 


reg 16, teg16<-reg16’ximm16 


(reg16",)* Product < 16 bits: CY<e-0,V—0 


Multiplication instruction 


imm16 Product > 16 bits: C¥<-1,V<-1 


regt6, reg16<_(mem16)ximm16 


mem16, Product < 16 bits: CY—0,V-—0 


imm16 Product > 16 bits: C¥<—1,V--1 


*: The second operand can be omitted. When omitted, the same register, specified for the first operand, is assumed to be specified. 


H9LLOZ ‘H80L0Lad" 


Operation Code Number of Clocks 
Mnemonic | Operand Operation 


DAN 


Instruction 
Group 


76543210765 43210 }PDTO108H | #PD70116H 
tempc Aw 

When temp+reg8 < FFH, 
AHctemp%reg8, ALe--temp-+reg8 

When temp+reg8 > FFH. 
TA<(001H,00GH), TC<—(003H,002H) 
SP—SP-2,(SP+1,SP)CPSW,IE—0,BRK 0 
SP<_SP-2,(SP+1,SP)<—PS,PSCTC 
SP—SP-2,(SP+1,SP)}—-PC,PCATA 
11171 0 1410|mod11 0 mem tempc AW 

When temp+(mem8) < FFH, 
AHetemp%(mem8), ALctemp+{mem8) 
When temp+(mem8)} > FFH, 

TA (001H,000H), TC<—(003H,002H) 
SP—SP-2,(SP+1,SP)PSW,IEW—0,BRKC—O 
SP<_SP-2,(SP+1,SP)<PS,PSCTC 
SP-SP-2,(SP4+1,SP}—PC,PCATA 

temp —DW,AW 

When temp+treg16 < FFFFH, 
OWctemp%reg16, AW-temp+reg16 
When temp+reg16 > FFFFH, 
TACt001H.000H), TC<(003H,002H) 
SP—SP-2,(SP41,SP}<—PSW,IE<0,BRK—O 
SPc-SP-2,(SP+1,SP}-PS,PSCTC 
SP<SP-2,(SP+1,SP)—PC,PC-TA 
117711011 1/mod110 mem tempeDW, AW 

When temp+(mem16) < FFFFH, 
DW<ctemp%{mem16), AW temp+(mem16) 
When temp+(mem16) > FFFFH, 
TA<(001H,000H}, TC<—(003H,002H) 
SPCSP-2,(SP+1,SP}_PSW,IE—0,BRKO 
SPSP-2,(SP+1,SP)<PS,PS—TC 
SP<-SP-2,(SP+1,SP}—PC,PC_TA 


Unsigned division instruction 


HOLLOZ ‘H80L0Zdd"7 


Lo 


(43) 


S 
fo 
i] 
4 
ZO 
= 


Signed division instruction 


OV 


reg8 


Operation Code 


76543210 


76543210 


111107 10/1117 471 ~~ reg 


yPD70116H 
29-34 


Operation 


temp-—AW 

When temp+reg8 > 0 and temp+reg8 < 7FH or 
when temp+reg8 < 0 and temp+reg8 > 0-7FH-1, 
AH<temp%reg8, AL¢-temp+reg8 

When temp:reg8 > 0 and temp+reg8 > 7FH or 
when tempt+reg8 < 0 and temp+reg8 < 0-7FH-1, 
TA €{001H,000H), TC<—(003H,002H) 
SPSP-2,(SP+1,5P)-PSW,IEH0,BRK—0 
SPe-SP-2,(SP+1,SP)¢-PS,PSCTC 
SPe-SP-2,(SP+1,SP)}<-PC,PC-TA 


mems 


TI+71T07T10/ 


med 1161 mem 


2-4 


34-39 


34-39 


tempeAW 

When temp+(memé} > 0 and temp+imem8) < 7FH or 
when temp+(mem8} < 0 and temp+(mem®) > 0-7FH-1, 
AH<temp%(mema), ALc_temp+(mem8) 

When temp+(mem8) > 0 and temp+(mem8)} > 7FH or 
when temp+{mem8)} < 0 and temp-4mem8) s 0-7FH-1, 
TA<(001H,000H), TC—(003H,002H) 
SP—SP-2,(SP+1,SP}—PSW, |IE—O,BRKe-0 
SP<-SP-2,(SP+1,SP)<-PS,PSTC 
SP<-SP-2,(SP+1,SP)-PC,PCKTA 


regl6 


111171041 131413/1 7194 4 = reg 


38-43 


temp—DW,AW 

When temp+reg16 > 0 and temp+reg16 < 7FFFH or 
when temp+reg16 < 0 and temp+reg16 > 0-7FFFH-1, 
DW<temp%reg16,AWe-temp+reg16 

When temp+reg16 > 0 and temp+reg16 > 7FFFH or 
when temp+reg16 < 0 and temp+regt6 < 0-7FFFH-1, 
TA€(001H,000H),TC+-(003H,002H) 
SPe-SP-2,(SP+1,SP}¢-PSW,IEC0,BRKCO 
SP<-SP-2,(SP+1,SP)<-PS,PSCTC 
SP—SP-2,(SP+1,SP)—PC,PCRTA 


mem16 


14110111 


mod 11 1) mem 


2-4 


47-52 


43-48/ 
47-62 


tempe_DW,AW 

When temp+(mem16) > 0 and temp-+mem16) < 7FFFH or 
when temp+imem16} < 0 and temp+{mem16) > 0-7FFFH-1, 
DWetemp%(mem 16), AWe—temp+(mem16) 

When temp+{mem16) > 0 and temp+imem16} > 7FFFH or 
when tempHmem16) < 0 and temp+{mem16) <0-7FFFH-1, 
TA(001H,000H), TC—(003H,002H} 
SP—SP-2,(SP+1.SP)}<PSW,IE<-0,BRK—O 
SP<-SP-2,(SP+1,SP}<—PS,PSCTC 
SP—SP-2,(SP+1,SP)<—PC,PCETA 


DAN 


= 
‘U 
is) 
~d 
i=) 
al 
i=] 
oo 
= 
bad 
i—) 
—_ 
—_ 
a 
= 


£9 


Instruction 
Group 


BCD coprocessor instruction 


Data conversion 


Operand 


Operation Code 


Number of Clocks 


76543216 


PD70108H | yPD70116H 


Operation 


When AL AOFH > 9 or AC = 1, ALe-AL+6 
AH—AH+1, AC—1, 
CY—AC, AL—AL AOFH 


When ALAOFH > 9 or AC = 1, 
ALCAL+6, AC-1 

When AL > 9FH or CY = 1, 
AL AL+60H, C¥<c-1 


When AL AOFH > 9 or AC = 1, 
ALCAL-6, ACC-1 
CYCAC, ALCAL AOFH 


When AL AOFH > 9 or AC = 1, 
ALeAL-6, ACe-1 

When AL > 9FH or C¥ = 1, 
AL<AL-6OH, CY<C1 


= 


= 


o0001010 


AHeAL+0AH, AL¢-AL%0AH 


_ 


000010106 


ALe-AHx0AH+AL, AH—O 


When AL < 80H, AHO. Otherwise, AHCFFH 


1 


When AW < 8000H. DW<-0. Otherwise, DW<-FFFFH 


Compare instruction 


teg,reg’ 


reg-reg’ 


mem,reg 


(mem}Hreg 


feg.mem 


reg-(mem) 


reg.imm 


mem,imm 


eal/oj;jo|l|clo}jo|o} = 


eae 


13/17 


acc,imm 


— 2 ~ 


- 


4 


|(mem] 


reg-imm 


When W = 0, AL-imm 


Whan W = 1, AW-imm 


aN 


H9OLLOZ ‘H80L0Ldd77 


9 


Instruction 
Group 


Complements 


Mnemonic 


reg 


Operation Code 


Number of Ciocks 


pPD70108H 


PD70116H 
2 


Operation 


regereg 


mem 


16/24 


(mem)<imem) 


reg 


2 


regcreg+1 


mem 


16/24 


(mem)—(mem)+1 


Logical operation instruction 


reg.reg’ 


2 


rag A reg’ 


mem,reg 


reg,mem 


reg,imm 


10/14 


(mem) A reg 


4 


reg Aimm 


mem,imm 


1/15 


{mem} Aimm 


acc,imm 


4 


When W = 0, ALA imm8 
When W = 1, AWA immt6 


reg,reg’ 


rege-reg A reg’ 


mem,reg 


(mem)}e(mem) A reg 


teg.mem 


reg-reg A (mem) 


reg.imm 


regereg A imm 


mem,imm 


acc,imm 


S| =(/2(/=/e/= 


(mem)}e—(mem) A imm 


"| When W = 6, ALC ALA imm8 


When W = 1, AWC AWA imm16é 


feg,reg’ 


rege-reg ¥ reg’ 


mem,reg 


{mem)}<(mem) V reg 


reg,mem 


regcreg V (mem) 


reg,imm 


regereg V imm 


mem,imm 


(mem)<(mem) ¥ imm 


acc,imm 


Sl/S(S El[Sl=z 


When W = 0, AL~ ALY imm8 
When W = 1, AWe-AW V imm16 


DAN 


H9LLOZ ‘H80L0Zdd7 


Mnemonic | Operand Operation 


fi 
Operation Code 
A 


Instruction 
Group 


10176543210 


reg,reg’ rege-reg V reg’ 


mem,reg (mem)}<(mem)} V reg 


reg,mem mod reg regt_reg V (mem) 


reg,imm 7111090 rege-reg V imm 


mem,imm mod 11 0 (mem)<(mem) V imm 
[pccirmm When W = 0, ALCAL ¥ imma 
When W = 1, AWAW V imm16 


Logical operation instruction 


HOLLOZ ‘H80L0Z0d7 


s9 


99 


Operation Code Number of Clocks 
Mnemonic | Operand Operation 


2AN 


Instruction 
Group 


765 #PDTO10H | sPD70116H 
reg8,CL reg8 bit NO.CL = 0: 2-1 
reg8 bit NO,CL = 1: 2-0 


mems,CL {mem8) bit NO.CL = 0: Z—1 
{mem8) bit NO.CL = 1:20 


regi6,CL regi6 bit NO.CL = 0:21 
reg16 bit NO.CL = 1: Z<-0 


mem16,CL (mem16) bit NO.CL = 0: 2-1 
(mem16} bit NO.CL = 1: Z--0 


reg8,imm3 reg8 bit NO.imm3 = 0-2-1 — 
regS bit NO.imm3 = 1: Z—0 


mems,imm3 7 (mam8) bit NO.imm3 = 0: Z<—1 
(mem8} bit NO.imm3 = 1: Z—0 


regi6,imm4 reg16 bit NO.immé = 0: Ze-1 
regi6 bit NO.immé4 = 1: 2-0 


mem16,imm4 {mem16) bit NO.imm4 = 0; 21 
(mem16) bit NO.imm4é = 1:20 


Bit operation instruction 


reg8,CL rag8 bit NO.CLe—reg8 bit NO.CL 


mema,CL imem8} bit NO.CL—(mem8) bit NO.CL 


regi6.CL reg16 bit NO.CL<reg16 bit N 


mem16,CL {mem 16) bit NO.CL<e-(mem 16) bit NO.CL 


reg8,imm3 reg8 bit NO.imm3<reg8 bit NO.imm3 


mem8,imm3 (mem8) bit NO.imm3<{mem8) bit NO.imm3 


reg16,imm4 reg16 bit NO.imm4creg16 bit NO.imm4 


co;/o;o]/e;o/;/oO |/co;o 
Oo /;/o 'o;o 9/0 ;/C;/o 


(mem16) bit NO.imm4<—(mem16) bit NO.imm4 


mem16,imm4 


2nd byte* 3rd byte* %& : 1st byte = OFH 


11110101 2 2 cYyety 


= 
v 
Oo 
~J 
=) 
_ 
° 
© 
= 
~J 
° 
a 
wl 
@ 
<= 


Mnemonic | Operand Operation 


Instruction 
Group 


reg8 bit NO.CL-O 


{mem 8) bit NO.CL—O 


reg16 bit NO.Ct¢-0 


{mem16) bit NO.CL—0 


reg8 bit NO.imm3<0 


(mem) bit NO.imm3<—0 


reg16,imm4 reg16 bit NO.imm4<O 


mem16,imm4 (mem16} bit NO.imm4<0 


reg8 bit NO.CL<-1 


({mema) bit NO.CL—-1 


Bit operation instruction 


reg16 bit NO.CLe1 


(mem16} bit NO.CL-1 


reg8 bit NO.imm3<-1 


(mem8) bit NO.imm3<-1 


reg16 bit NO.imm4<-1 


elsisjsololelojo 


(mem16} bit NO.imm4<-1 


2nd byte* ard byte* % : Ist byte = OFH 


HOLLOZ ‘H80L0ZGd" 


49 


89 


Instruction 
Group 


Shift instruction 


Mnemonic 


Operand 


Operation Code 


765. 


Operation 


CY<—MSB of reg, rege-regx2 
When MSB of reg # CY, V1 
When MSB of reg = CY, V0 


CY<MSB of (mem), {mem)<-(mem)x2 
When MSB of (mem) # CY, V1 
When MSB of (mem) = CY, V--0 


temp-CL, repeats following operation, while temp + 0: 


CY<MSB of reg, req«e—regx2 
temp<temp-1 


19/27+n 


19/27+n 


tempcCL, repeats following operation, while temp # 0: 


CY<MSB of (mem), (mem)<—(mem)x2 
temp<temp-1 


reg,imms 


temp<cimm8, repeats following operation, while temp # 0: 


CY<MSB of reg, regcregx2 
tempctemp-1 


19/27+n 


tempcimmé, repeats following operation, while temp # 0: 


CY<-MSB of (mem), (mem}(mem)x2 
temp<-temp-1 


CY<LSB of reg, rege-reg+2 
MSE of reg # next bit of MSB of reg: Ve-1 
MSB of reg = next bit of MSB of reg: Ve-0 


CY<—MSB of (mem), (mem) (mem)+2 
MSB of reg # next bit of MSB of reg: Ve—1 
MSB of reg = next bit of MSB of reg: CY, V0 


n : Number of shifts 


23AN 


H9LLOZ ‘H80L0Zdd” 


69 


Mnemonic 


Instruction 
Group 


Operand 


Operation Code 


Number of Clocks 


210 


#PDTO108H 


yPO70116H 


Operation 


temp<-CL, repeats following operation, while temp # 0: 
CY<LSB of rag, rege—reg+2 
temp<temp-1 


19/27+n 


tempe CL, repeats following operation, while temp # 0: 


CY<-LSB of (mem), (mem}<—(mem)+2 
tempetemp-1 


reg,imms 


tempcimms, repeats following operation, while temp # 0: 
CY<LSB of reg, rege-reg+2 
temp<temp-1 


mem,imms 


19/27+n 


19/27+n 


tempcimm8, repeats following operation, while temp # 0: 
CY<LSEB of (mem), (mem)—(mem}+2 
temptemp-1 


Shift instruction 


CY<cLSB of reg, rege-reg+2, Ve-0 
MSB of operand is not affected. 


CY<-LSB of (mem), (mem)e(mem)=2, VeO 
MSB of operand is not affected. 


reg.CL 


tempe-CL, repeats following operation, while temp # 0: 
CY<LSB of reg, regreg+2 
temp<temp-1, MS8 of operand is not affected. 


19/27+n 


19/27+n 


tempeCL, repeats following operation, while temp + 0: 
CY<LSB of {mem}, (mem)<(mem)+2 
tempctemp-1, MSB of operand is not affected. 


reg,imms 2) 


tempe-imm®, repeats following operation, while temp 0: 
CY LSB of reg, reg—reg+2 
temp<temp-1, MSB of operand is not affected. 


mem,imms |1 


19/27+n 


19/27+n 


CY<—LSB of (mem), (mem)—(mem)=2 
temp«temp-1, MSB of operand is not affected. 


n : Number of shifts 


DAN 


HOLLOZ ‘H80L0Zdd"7 


OL 


; fi 
Operation Code 
noe A 


Mnemonic f Operation 


Instruction 
Group 


CY<MSSB of reg, rege—regx2+CY¥ 
When MSB of reg # CY: Ve-1 
When MSB of reg = CY: Ve-0 


CY<—MSB of {mem}, (mem}<(mem)}x2+CY 


When MSB of (mem) # CY: Ve-1 
When MSB of (mem) = CY: V0 


tempeCL, repeats following operation, while temp #0: 


CY-MSB of reg, regcregx2+CY 


temp<temp-i 


mem,CL 2-4 |19/27+n |19/27+n | tempcCL, repeats following operation, while temp 0: 


CY<MSB of (mem), (mem)—(mem)x2+CY 


reg,imms 7+n temp-immés, repeats following operation, while temp # 0: 
CY<MSB of reg. regeregx2+CY¥ 


tempctemp-1 


Rotate ion instruction 


mem,imm8 19/27+n [19/27+n | tempe-immé, repeats following operation, while temp + 0: 


CY<MSB of {mem), (mem)<(mem)x2+CY 


temp<temp-1 


CY<LSB of rege_reg+2 

MSB of reg CY 

MSB of reg # next bit of MSB of reg: V1 
MSB of reg = next bit of MSB of reg: V0 


CYC-LS8 of (mem)—(mem)+2_ 

MSE of (mem)—CY 

MSB of (mem) € next bit of MSB of reg: Ve—-1 
MSB of (mem) = next bit of MSB of reg: V0 


HOLLOZ ‘H80L0Zdd" 


n_ : Number of shifts 


Mnemonic rf Operation 


Operation Code 
A 


Instruction 
Group 


2710;7 65 4 ePD7O108H | uPD701 16H 
tempcCL, repeats following operation, while temp # 0: 
CY¢-LSB of reg, reg—reg:2 

MSB of reg—CY¥ 

tampetemp-1 


119/27+n |19/27+n | tempcCL, repeats following operation, while temp # 0: 
CY<LSB of (mem), (mem) —(mem)}+2 

MSB of (mem)<—CY 

temp—temp-1 


tempcimms, repeats following operation, while temp + 0: 


CYCLSB of reg, reg—reg+2 
MSB of reg<-CY 
tempctemp+1 


mem.imms 19/27+n |19/27+0 | tempcimmé, repeats following operation, while temp # 0: 
C¥<LSB of (mem), (mem)—(mem)+2 

MSB of imem)<-CY 

tempetamp-1 


Rotate ion instruction 


tmpcy<-CY, CY<MSB of reg 
reg—regx2+tmpcy 

When MSB of reg « CY: V1 
When MSB of reg = CY: V<--0 


tmpcy«—CY, CY<-MSB of {mem) 
(mem)<—(mem)x2+tmpcy 

When MSB of (mem) # CY: Ve-1 
When MSB of (mem) = CY: V0 


tempcCL, repeats following operation, while temp + 0: 
tmpcy<-CY, CY—MBS of reg 
Teg¢_regx2+tmpey 


temptemp-1 


H9OLLOZ ‘H80L0Zdd” 


Ld 


n_: Number of shifts 


a 


Mnemonic | Operand 


DAN 


Instruction 
Group 


ROLC 
(cont'd) tmpcycCY, CY<-_MSB of (mem) 


{mem)<(mem)x2+tmpcy 


tempe-temp-—1 


reg,imms tempcimmé, repeats following operation, while temp # 0: 
tmpcycCY, CY<-MSB of reg 


rege_regx2+tmpcy 


tempetemp-1 


OQ Wimod 0 1 0 19/27 +n (19/27+n | tempeimmé, repeats following operation, while temp # 0: 
tmpcycCY, CY<-MSB of (mem) 

(mem) —imem)x2+tmpcy 

temp ctemp-1 


owl11 rr “a4 tmpcy CY, CY< LSB of reg 
regcreg+2 


MSB of rege—tmpcy 
When MSB of reg # next bit of MSB of: V1 
When MSB of reg = next bit of MSB of reg: V--0 


Rotate ion instruction 


mod 0 1 1 tmpcyCY, CY<-LSB of (mem) 
{mem){mem)}+2 


MSB of (mem)}<tmpcy 
When MS6 of (mem) # next bit of MSB of (mem): Ve—1 
When MSS of (mem) = next bit of MSB of (mem): Ve-0 


tempeCL, repeats following operation, while temp # 0: 
tmpcy<-CY, CY<—LSB of reg 

tege—reg+2 

MSB of rege-tmpcy 

tempetemp-1 


HOLLOZ ‘H80L0Zdd” 


n . Number of shifts 


Mnemonic | Operand Operation 


Operation Code Number of Clocks ay 


Instruction 
Group 


210)765432106 pPD70108H | #PD70116H 

RORC mod 0 1 1 mem 19/27+n | 19/27+n| temp CL, repeats following operation, while temp = 0: 
(cont'd) tmpcyc CY, CY<LSB of (mem) 

{mem)<-(mem)+2 


MSB of (mem)<tmpcy 


temp<temp-1 


reg,immB tempcimm®, repeats following operation, while temp + 0: 


tmpcyeCY, CY<LSB of reg 
regereg+2 

MSB of regetmpcy 
temp<temp-1 


mem,imm8 }1 10 0 0 mod 0 t 1. mem 19/27+n | 19/27+n| temp<imm8, repeats following operation, while temp # 0: 
tmpcy<—CY, CY<LSB of (mem) 


Rotate ion instruction 


(mem}—(mem)+2 


MSB of (mem)<—tmpcy 
tempctemp-1 


n_ : Number of shifts 


HOLLOZ ‘H80L0Z0d77 


EZ 


we 


4 
Number of Clocks 
A 


Mnemonic f Operation 


Instruction 
Group 


#PD70108H | pPD70116H 
near-proc SP<SP-2, (SP+1,SP}<-PC 
PC<-PC+disp 


regptr16 SP—SP-2, (SP+1,SP)—PC 
PCcregptr16 


| memptr16 TAc(memptr16) 


SPeSP-2, (SP+1,SP}—PC, PC-TA 


far-proc SPe-SP-2, (SP+1,SP}—PS, PS<-sag 
SP<SP-2, (SP+1,SP}<-PC, PCoffset 


memptr32 | 1 TAc(memptr32), TB (memptr32+2) 
SP<SP-2, (SP+1,SP}-PS, PS--TB 


SP-SP-2, (SP+1,SP}-PC, PC-TA 
] 1 PC—(SP+1,SP) 
SP—SP+2 


Subroutine control instruction 


pop-value PCe-(SP+1,SP} 

SP<-SP+2, SP_SP+pop-value 

| PC-(SP415P) 
PS —(SP+3,SP+2) 


SP—SP+4 


pop-value PC(SP+1,SP} 


PS<(SP+3,SP+2) 


SP—SP+4, SPSP+pop-vatue 


HOLLOZ ‘H80L0Zdd" 
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Instruction 
Group 


Stack operation instruction 


Mnemonic 


Operand 


Operation Code 


Number of Clocks 


2101\76543210 


0701084 


pPOTO1IGH 


Operation 


SPe-SP-2 
(SP+1,SP)—(mem16) 


SP<SP-2 


(SP+1,SP)<reg16 


SPe-SP-2 
(SP+1,SP)<—sreg 


SPe-SP-2 
(SP+1,SP)—PSW 


Push registers on the stack 


(SP-1,SP-2}<-sign expansion of imm3 


SP-SP-2 


(SP-1,SP-2}—imm16 
SP<-SP-2 


imed 0 0 0 mem 


SP-SP+2 
(mem 16)<-(SP-1, SP-2) 


SPe-SP+2 
reg 16<(SP-1, SP-2) 


SPeSP+2 
sreg<e-(SP-1, SP-2) sreg: SS,DS0,DS1 


SPe—SP+2 
PSWe—(SP-1, SP-2) 


Pop registers from the stack 
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Mnemonic f Operation 


Z 
Operation Code 
A 


Instruction 
Group 


PREPARE imm16,imms Note2 | Prepare New Stack Frame 


DISPOSE 6/10 | Dispose of Stack Frame 
BR near-label 13 | PC PC+disp 
short-label 12 PCe—PC+ext-disp8 


regptr16 11 PCeregptrié 


memptr16 PC—(memptrt6) 


Branch instruction 


far-label PScseg 
PC offset 


memptr32 PSe-(memptr32+2) 
PC<-(memptr32) 


Note 1. When imm8 =0: 16 
When imm8 2 1: 23+16 (imm8&-1} 
2. When imm8 = 0: 12/16 
When imms > 1: (19+8 (imm8-1)}{23+16 (immé-1)} 
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dé 


Instruction 
Group 


Condition branch instruction 


Note 


Operation Code 


Operand 


76543210 


yPDT0116H 


Operation 


; PC<_PCrext-disp8 


PCe-PC+ext-disp8 


short-label 


PC—PC+ext-disp8 


short-labet 


short-labet 


PCe-PC+ext-disp8 


ifZ=1 PC—PC+ext-disp8 


short-label 


ifZ=0 PC<—PC+ext-disp8 


if CY VZ=1 PCe-PC+ext-disp8 


if CYVZ=0 PC<-PC+ext-disps 


ifS=1 PC<—PC+ext-disp8 


ifS=0 PC—PC+ext-disp8 


short-label 


ifP=1 PC<—PC+ext-disp8 


short-label 


fP=0 PC<_PC+rext-disp8 


short-label 


fSVV=1 PC<—PC+ext-disp8 


short-label 


short-label 


#SVV=0 PCePCrext-disp8 


short-label 


#(ISVVIVZ= 1 PCPCrext-disps 


fISVV)VZ=0 PC —PC+ext-disp8 


elelalai/alole jo lo lala 


© |alalo!lols/- jo lo |j-/-= 


DBNZNE short-label 


NIN TRIN TR [Nf [eo 1 1h [0 


CW = CW-1 PC<PC+ext-disp8 
ifZ= 0 and CW#0 


short-label |1 1 1 0 


shortiabel [1 110001 0 


Condition judgement: true/false 


CW = CW-1 PC<—PC+ext-disp8 
ifZ= 1 and CW#0 


CW =CW-1 PC<—-PC+ext-disp8 
if CW#0 
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Operation Code Number of Clocks 
Operand f Operation 


76543210 POT0116H 
short-label i#CWH=0 PCPC+ext-disp8 


DAN 


Instruction 
Group 


3 TA (00DH,00CH), TC<{00FH,00EH) 


SP<-SP-2, (SP+1,SP}-PSW, IE<-0, BRK<-9 
SPe-SP-2, {SP+1,SP)}—PS, PS<TC 
SP<SP-2, (SP+1,SP)<—PC, PCCTA 


immés (#3) TAc(4n+1,4n}, TC(40+3,4n+2) n = imms 


SP<_SP-2, (SP+1,SP)—PSW, IEe-0, BRK<-0 


SP<SP-2, (SP+1,SP)<-PS, PS—TC 


Interrupt instruction 


SP—SP-2, (SP+1,SP}—PC, PCCTA 


Note2 | Note3 | When V = 1, 


TAe(011H,010H}, FC<_{013H,012H) 


SPeSP-2, (SP+1,SP)_PSW, !E—0, BRK+-0 
SP<-SP-2, (SP+1,SP}—PS, PS--TC 
SP-SP-2, (SP+1,SP}—PC, PC-TA 
PC—(SP+1,SP), PS<{SP+3,SP+2), 
PSW—{SP+5,SP+4), SP<-SP+6 


Note 1. Condition judgement: true/false 
2. WhenV=1:52 
When V =0:3 
3. When V = 1: 40/52 
When V=0:3 
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Instruction 
Group 


Interrupt instruction 


Mnemonic 


Operation Code 


Number of Clocks 


Operation 


765432210/76543210 
90a0001117/7171111171 


POTO1O8H 


»PD70116H 


TAC(4n+1,4n), TC(4n43,4n+2) n=imms 


SP<-SP-2, (SP+1,SP}—PSW, MD<-0 
MD is enabled to write 

SPCSP-2, (SP+1,SP)—PS, PS<—TC 
SPSP-2, (SP+1,SP}<—PC, PCe—TA 


CHKIND 


reg16,mem32 


01100010 


Note 1. 


When (mem32) > reg16 or (mem32+2) < reg16, 
TA¢-(015H,014H), TC<—(017H,0 16H) 

SPcSP-2, (SP+1,SP}<_PSW., lE<-0, BRK<-0 
SPe-SP-2, (SP+1,SP}<—PS, PS_TC 


SPSP-2, (SP+1,SP}—PC, PC_TA 


73-76 when interrupt condition is satisfied. 

26 when interrupt condition is not satisfied. 
(53-56)/(73-76) when interrupt condition is satisfied. 
18/26 when interrupt condition is not satisfied. 
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Operation Code Number of Clocks 
Operation 


DAN 


Mnemonic 


Instruction 
Group 


76543210 #PD70108H | xPD70116H 
2 CPU Halt 


2+5n_ | Poll and wait n: POLL pin sampting times 


DI 2 IE--0 


El 2 (Ec1 


BUSLOCK 2 Bus Lock Prefix 


FPO1 fp-op 11VYYYZZ2Z 2 No Operation 


fp-op.mem mod Y ¥ Y mem 11/15 | data bus-~imem) 


CPU control instruction 


fp-op TTYYYZ22Z22 No Operation 


X|mod Y Y Y mem data busc_(mem)} 


No Operation 


*: DSO:, DS1:, PS:, SS: 


Operation Code Number Number of Clocks 


Mnemonic | Operand Operation 


Instruction 
Group 


: 76543210/76543210 PDTONIGH 
RETEM 117071704171111101 PCC(SP+1,SP), PC{SP+3,SP+2), 
PSWeISP45,SP+4}, SPe-SP+6, MD is disabled to write. 


411101101/1 71 1 01 101 TAc(4n+1,4n}), TCe-(4n43,4n+2) n= imm8s 
SP_SP-2, (SP+1,SP)—PSW, MD<1 
SPcSP-2, (SP+1,SP}< PS, PS-TC 

SP SP-2, (SP+1,SP)—PC, PC-TA 
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9. ELECTRICAL SPECIFICATIONS 


9.1 WHEN Vop = 5 V + 10% 


ABSOLUTE MAXIMUM RATINGS (Ta = 26°C) 


Conditions Ratings 


Power supply voltage | 0.5 to +7.0 


Input voltage Voom 5 Vt 10% 0.5 to Voo+0.5 


Clock input voltage =0.5 to Voo+1.0 


Output voltage : -0.6 to Voo+0.6 


Operating ambient temperature | —-40 to +85 


Storage temperature | , -65 to +150 


Caution 1. Be sure to avoid direct coupling between IC-product output (or input/output) pins or between Voo 
or Vcc and GND. However, direct coupling between open-drain pins or open-collactor pins is 0.K. 
Direct coupling ie also possible between pins which become high-impedance if they are installed 
on external circuitry for which the timing is set to avoid output conflicts. 

2. If the absolute maximum ratings of even one of the items above are exceeded for a moment, the 
product quality may be damaged. In other words, the absolute maximum ratings are the values 
above which physical damage may result. Be sure to use the product in a way in which these rating 
values are not exceeded. 

The specifications and conditions described in the DC and AC characteristics are the limits for 
normal operation and quality assurance of the product. 


uPD70108H, 70116H 
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DC CHARACTERISTICS (Ta = -40 to +85°C, Von = 5 V + 10%} 


Input voltage, high 


Conditions 


Other than (1), (21 
(1) READY 


uPD70108H, 70116H 


{2) HLDRQ (RQO, RO1) : DIP only 


0.6Vo0 


Input voltage, low Vi 1 70.5 
Clock input voltage, high Vw 0.8Von 
Clock input voltage, tow View 0.5 


Output voltage, high 


Output voltage, low 


lon = -2.6 mA 
lon = +100 pA 
lo. = 2.5 mA 


Input leakage current, high 


Vi = Vop 


Input leakage current, low 


Voo+1.0 
0.15Vo0 


Voo-0.4 


Output leakage current, high 


Output leakage current, low 


RO input current, high 


RO input current, low 


Vi = Voo 


Latch leakage current, high a) Viz 3.0V -50 
bE Latch leakage current, low hu Vi=0.8V 50 

Latch inverse current, (L — H) tin 

Latch inverse current, (H > L) fio 


Supply current Se" 


loo 


Operating: Vix = Voo, Vit = OV, 
tevx S 2 us 


Standy: (HALT), Vin = Voo, Vi = 0 V, 
tevn $2 ps 


Standby: (Clock input stops} 
Vin = Voo, Vi = OV 


Note The constants 3.5, 5, 0.6, and 0.8 of the value ara in mA/MHz. fx is the frequency of CLK input. 


For the supply current for the L and F rated products, please consult your NEC dealer. 


CAPACITANCE (Ta = 25°C, Vpp = 0 V) 


fc = IMHz 
Unmeasured pins returned to 0 V 


{/0 capacitance 


(1) In both small-scale/large-scale mode 


AC CHARACTERISTICS (Ta = -40 to +85°C, Voo= 5 V+ 10%} 


Clock cycle 


uPD70108H, 70116H 


Loading capacity of output pins: C. = 100pF 


PD70108H-10, 
#PD70116H-10 


uPD70116H-12 * 


uPD70116H-16 


MIN. 


MIN. MAX, 


MAX. - 


80 


62.5 


Clock pulse high-level width (Vx = 3.0 V) 


35 


25 


Clock pulse iow-level width (Ve. = 1.7 V} 


Clock rise time (1,7 - 3.0 V) 


Clock fatl time (3.0 > 1.7 V) 


© [© |© 


RESET release delay time (Von = 5 V to 10 %) 


tovrst 


RESET set time (vs. CLK 7) 


TSRSTK | 


RESET hold time (vs, CLK 1) 


thenst | 


RESET high-level width 


READY inactive set time (vs. CLK 4) 


READY inactive hoid time (vs. CLK T) 


2 |© |e |e |@ 


e 


READY active set time (vs. CLK T) 


1 


READY active hold time (vs. CLK T) 


Date set time (vs. CLK J) 


Data hold time (vs. CLK 4) 


@ 1/9 19 


NMI, INT, POLL set time (vs. CLIK 7} 


Input rise time ***" (0.8 —» 2.2 V) 


Input fall time “"" (2.2 > 0.9 V) 


@ |9 |@ |@ 


| 


Output rise time (0.8 — 2.2 V) 


g 


Output fall time (2.2 + 0.8 V) 


CLK + address delay time 


CLK | address hold time 


S |8 |e 


CLK | + PS delay time 


CLK T = PS float delay time 


CLK | — address float delay time 


CLK | + RD J delay time 


CLK J -+ RD T detay time**** 


S 


RD T > address delay tims 


RD iow-level width 


CLK | > data output delay time 


CLK | > data float delay time 


Note 1. CLK excluded 


tevke-10 


2tcevn-20 


5 


® |8 (8 |e |9 |S 


2. When RD becomes inactive in read cycle, the data has been read. 
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{2} Small-scale mode 


Item 


Symbol 


EPD70108H-10, 


HPD70108H- 12, 


MAX 


uPD70108H, 70116H 


Loading capacity of output pins: Ci = 100pF 


2PD70108H- 16, 
PD70116H-16 


HPD70116H-10 | uPD70116H-12 
| Max. MIN. | | MIN. | MAX. 


Address set time (vs. ASTB 1) 


tsast 


teni-20 


CLK L +» ASTB T delay time 


CLK T = ASTB J delay time 


ASTE high-level width 


{DKSTH 


ASTB J = address hold time 


CLK — control delay timeNete 


Address float > RD J delay time 


WR low-level width 


HLORO set time (vs. CLK T) 


@ |S |@ |@ |e [8 |S 


CLK | -» HLDAK delay time 


WR T + BUFEN T 


© | |/6 |@ 


Note When BUFEN becomes inactive in read cycle, the data has been read. 


(3) Large-scale mode 


Item 


Symbo! 


CLK T 3 BS J delay time 


tower 


Loading capacity of output pins: Ci = 100pF 


HPD70108H-10, 


uPD70116H-10 


#PD70108H-12, 


uPD70116H-12 


MIN. 


MAX. 


#PD70108H-16, 
|__uPD70116H- 16 


MAX. 


50 


CLK L > BS T delay time 


toxex 


50 


Address float + RD | delay time 


TDAFRL 


MIN. MAX. - 


40 


30 


40 


35 


CLK $ 3 OS delay time 


toxos 


| 


CLK L -» AK delay time 


torak 


RQ set time (vs. CLK T) 


RQ hold time (vs. CLK 1) 


tsrax 


tukrat 


RG hold time (vs. CLK T) 


S |@ |6 |9 (9 |S |@ |@ 


trxroz 


o|~a~jololo|le|o 


aljmjolaljalo|{co 


= 
a 


o 


HPD70108H, 70116H 


9.2 WHEN Voo = 3 V + 10% 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Power supply voltage 0.6 to +7.0 


Input voltage Vop=3 V+ 10 % ~0.5 to Voo+0.5 


CLK input voltage 0.5 to Voo+1.0 


Output voltage 0.5 to Voo+0.5 


Operating ambient temperature ~40 to +85. 


Storage temperature ~66 to +150 


Caution 1. Be sure to avold direct coupling between IC-preduct output (or input/output) pins or between Voo 
or Vcc and GND. However, direct coupling between open-drain pins or open-collector pins is O.K. 
Direct coupling is also possible between pins which become high-impedance if they are installed 
on external circuitry for which the timing is set to avoid output conflicts. 

2. If the absolute maximum ratings of even one of the Items above are exceeded for a moment, the 
product quality may be damaged. In other words, the absolute maximum ratings are the values 
above which physical damage may result. Be sure to use the product in a way in which these rating 
values are not exceeded. 

The specifications and conditions described in the DC and AC characteristics are the limits for 
normal operation and quality assurance of the product. 
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uPD70108H, 70116H 


Conditions 


Input voltage, high 5 Voo+0.3 


Input voltage, low i 0.2Vo0 


Clock input voltage, high . V0040.5 


Clock input voltage, tow 


fone 
lon = -2.5 mA 
Output voltage, high 


lon = -100 pA 


Output voltage, low lo. = 2.5 mA 


Input leakage current, high Vi = Vop 


input leakage current, low VaOV 


a hee 
Output feakage current, high Vo = Vop 


Output leakage current, low Vonr0V 


RO input current, high Vi = Vop 


RO input current, low Vin OV 


Latch leakage current, high Vi=2.0V 


Latch leakage current, low ; Vi= 0.2 V 


Latch inverse current, (L2H) ; fun 


7 ar 
Latch inverse current, (H — L} dn, 


Operating: Vin = Voo, Vit = 0 V, 
tek $2 y8 


Supply current “°* Standy: (HALT), Viv = Veo, Vii = 0 V, | 
tere $2 ys 


Standby (Clock input stops): 
Vin = Voo, Vin OV 


Note The constants 2, 3.5, 0.2, and 0.4 of the value are in mA/MHz. fx is the frequency of clock input. 


For the supply current for the L and F rated products, please consult your NEC dealer. 


CAPACITANCE (Ta = 25°C, Von = 0 V) 


Unmeasured pins returned to 0 V 
VO capacitance 
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AC CHARACTERISTICS (Ta = -40 to +85°C, Voo= 3 V + 10%) 


(1) In both small-scale/large-scale mode 


Symbol 


Clock cycie 


Clock puise high-level width (Vex = 2.5 V) 


uPD70108H, 70116H 


Loading capacity of output pins: Ci = 1005F 


HPD70108H-10, 


200 


HPD70108H-12, HPD70108H-16, 


uPD7O116H-10 | uPD70116H-12 HPD70116H-16 


MIN. MAX. MIN. 


MAX, MIN, MAX, 


160 


125 


Clock pulse low-level width (Vk. = 1.0 V) 


Clock rise time (1.0 + 2.5 V} 


Clock fall time (2.5 1.0 V} 


RESET release delay time (Voo = 3 V + 10 %) 


® © |@ |8 19 


tovast 


69 
90 


60 
70 


a4 


RESET set time (CLK 7} 


tsrsTK 


RESET hold time (CLK 7) 


teKAST 


RESET high-level width 


twrsty 


READY inactive set time (vs, CLK 1) 


tsaveK 


READY inactive hold time {vs. CLK T) 
READY active set time (vs. CLK T} 


‘THKAYH 


tsrvnK 


READY active hold time (vs. CLK 7) 


Oo 19 19/9 |@ |@ |9 |e 


Data set time (vs. CLK 4) 


@ 


Data hold time (vs. CLK 1) 


tHKRYL 


o 


NMI, INT, POLL set time ivs. CLK 1) 


Input rise time" (0,2 Vo — 0.7 Voo) 


n 
oc 


Input fall time™**" (0.7 Voo -+ 0.2 Voo) 


Output rise time (0.2 Von — 0.7 Voo) 


Output fall time (0.7 Vow —> 0.2 Veo) 


|@ |@ |® |@ |® 


CLK | + address delay time 


CLK | > address hold time 


CLK 1 = PS dalay time 


CLK T > PS float delay time 


CLK | > address float delay time 


CLK 4 RO L delay time 


CLK | 3 RO T detay time" 


RD T | address delay time 


RD low-level width 


2tevn-76 


tevk=10 


Ztcvk-50 


CLK 1 + data output delay time 


CLK 1 = data float detay time 


Note 1. CLK excluded 


te] 


2. When RD becomes inactive in read cycla, the data has been read. 


10 
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{2) Small-scale mode 


HPD70108H-10, 


HPD70108H-12, 


uHPD70108H, 70116H 


HPD70108H-16, 
Unit 


Item Symbol HPD70116H-10 PO70116H-12 HPD70116H-16 
MIN. MAX. MIN. MAX. MIN. MAX. 
Address set time (vs. ASTB J) @ | tsast | tea-60 teri-30 teni-30 


CLK 4 = ASTB T delay time @ | toxsty 5 80 § 70 5 
| 
CLK T — ASTB J datay time @ | toxsts : 5 85 5 
ASTB high-level width @ tstst —— txe-20 tek-15 
ASTB | — address hold time @ | tusta | tke10 teen-10 
CLK — control delay timeNote @ | toxer 10 110 10 
@ 


Address float + AD 4 delay time 


| 


WR low-level width @ | tww | 2ten-60 2tcvK-60 
HLORO set time (vs. CLK T) @ | tsxax a5 30 

ia atime 
CLK L 3 HLDAK delay time ® | toma 10 160 10 
WR 7 > BUFEN T @ | twer | ten-20 teK.-20 


Note When BUFEN becomes inactive in read cycle, the data has been read. 


(3) Large-scale mode 


Item 


Loading capacity of output pins: Ci = 100pF 


#PD70108H-10, 


HPD70108H-12, 
uPOD70116 


HPD70108H-16, 


y#PD70116H-10 


MAX. 


MIN. 


CLK T > BS J delay time 


CLK | 3 BS T delay time 


Address float + RD 4 delay time 


CLK | 3 QS delay time 


CLK 1 — AK delay time 


RO set time (vs. CLK T) 


‘tsaak 


RO hold time (vs. CLK J) 
RQ hold time (vs. CLK T) 


toxrar 


THkroz 


AC TEST INPUT WAVEFORMS (except CLK} (Voo = 5 V + 10%) 


(1) READY, HLDRQ (RQ0, RQ1): DIP only 


0.6V 04V 
ae 0.6 Veo 0,6 Veo 
> Measurement 

paints 


0.8 V 
04V 


(2) Others 


2.4V 


2.2V 
‘SS Measurement 
« points 


BV 
0.4V 28 


AC TEST OUTPUT MEASUREMENT POINTS (Von = 5 V + 10%) 


2.2V 2.2 
eS Measurement 


points 
0.8V 0.8V 


AC TEST iNPUT WAVEFORM (except CLK) (Von = 3 V + 10%) 


0.8 V op 


0.7 Voo 
> Measurement 
points 


0.2 Voo 0.2 Voo 
O4V 


AC TEST OUTPUT MEASUREMENT POINTS (Voo = 3 V + 10%} 


0.7 Voo 
Measurement 
> points 


0.2 Voo 0.2 Voo 


yLPD70108H, 70116H 
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HPD70108H, 70116H 


LOAD CONDITION 
C.= 100 pF 


+ 


Caution if load capacitance exceeds 100pF due to circult configuration, reduce the load capacitance of this 
device down to 100pF or less by inserting a buffer, ate. 


CLOCK TIMING WAVEFORMS 


RESET TIMING 


CLK (input) 


RESET (input) 
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uPD70108H, 70116H 


WAIT (READY) TIMING WAVEFORMS 


71 T2 T3 Tw 4 


CLK 


READY 


*: In this pariod, the READY signal must be fixed to low or high. 


POLL, NMI, INT INPUT TIMING WAVEFORMS 


Tn 
CLK 
© 
POLL. 
NMI, INT 


BUSLOCK OUTPUT TIMING WAVEFORMS 


CLK 


cH) @ TDKA 


BUSLOCK 
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uPD70108H, 70116H 


READ TIMING WAVEFORMS (SMALL-SCALE MODE) 


T4 m1 T2 73 T4 


A1G/PSO 
-AIQ/PS3 


A8-A15 (uPD70108H) 
UBE (uPD70116H) 


ADO-AD? (uPD70108H) 
ADO-AD15 (uPD701 16H} 


1O/M {uPD70108H) 
LSBO (uPD70108H) 
1O/M (uPD70116H) 


Remark Dashed line indicates high impedance. 


92 


WRITE TIMING WAVEFORMS (SMALL-SCALE MODE) 


7 EN ff ST NF OR Be 


A16/PSO 
-A19/PS3 


A8-A15 (uPD70108H) 
UBE (uPD70116H) 


ADO-AD? (uPD70108H) 
ADO-AD15 (uPD70116H)} 


ASTB 


BUFEN 


BUF RAV 


IO/M (uPD70108H) 
LSBO (uPD70108H} 
TO/M (uPD70116H} 


Remark 


uPD70108H, 70116H 


71 T2 T3 T4 


Address Processor Status )----4 beatin’ 


Dashed line indicates high impedance. 
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READ TIMING WAVEFORMS (LARGE-SCALE MODE) 


CLK 


A16/PSO 
-A19/PS3 


AS-A15 (uPD70108H) 
UBE (uPD70116H) 


ADO-AD7 (uPD70108H) 


ADO-AD15 (uPD70116H) ° 


ASTB 
(uPD-71088 Output) 


BSO-BS2 


QS0, asi 


Remark 
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LPD70108H, 70116H 


14 T1 T2 73 74 


Dashed line indicates high impedance. 


HPD70108H, 70116H 


AIG/PSO 
-AIQ/PS3 


AS-A15 (uPD70108H) 
UBE WPD70116H) 


ADO-AD? (uPD70108H) 
ADO-AD15 (uPD70116H) ° 


ASTB 
(HPD? 1088 Output) 


Remark Dashed line indicates high impedance. 


95 


uPD70108H, 70116H 


INTERRUPT ACKNOWLEDGE TIMING WAVEFORMS (uPD70108H) 


Tt T2 3 T4 TT T2 3 Th 
CLK 


ADO-AD7 


ASTB 


BUFRAV 
om / 
BSO-BS2 : 
(Large-scale mode} EME S oa of —— GS 
alee 
BUSLOCK 


(Large-scale mode] 


Remark Dashed line indicates high impedance. 
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INTERRUPT ACKNOWLEDGE TIMING WAVEFORMS (uPD70116H) 


an T2 T3 Tl Ti TI 
CLK 


@ i 
ADO-AD7 ae ee ee wee ew ee ee eee ee 


ASTB 
mm—“t| 
INTAK 

_ o @ 
BUFEN 
BUFR/W 
iO/M 


14 71 T2 3 tT 


BSoBs2 \ / \ / 
(Large-scale mode} : 
— @ 
BUSLOCK " { ———— 


Remark Dashed line indicates high impedance. 


7 


HOLD REQUEST/ACKNOWLEDGE TIMING WAVEFORMS (SMALL-SCALE MODE) 


BUS REQUEST/ACKNOWLEDGE TIMING WAVEFORMS (LARGE-SCALE MODE) 


CLK 


ROn/AKn 


Note1 


Note2 


7 een 


Remark 
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tev, 


SS ath") 
ewe wwe ee Oe eet fo 
— 
=e 
——— Se 
errs Pome ee ee 
—_——————————; 


H#PD70108H: ADO - AD7, A8 - A15 
uPD70116H: ADO - AD15 
uPD70108H: A16/PSO - A19/PS3, RD, WR, 


10 
uPD70116H: A16/PSO - A19/PS3, RD, WR, I, 


Dashed line indicates high impedance. 


HPD70108H: ADO - AD7, A8 - A15 
uPD70116H: ADO - AD15 
A16/PSO - A19/PS3, RD, BSO - BS2, BUSLOCK 


RGn (input) Request pulse 
AKn (output) Acknowledge pulse 
RQn (input) Release pulse 


Dashed line indicates high impedance. 
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0. PACKAGE DRAWINGS 


OPIN PLASTIC SHRINK DIP {600 mil) 


“ES 

‘ach lead centerline is located within 0.17 
am (0.007 inch) of its true position (T.P.) 
t maximum material condition. 


em “K” to center of leads when formed 
arallel. 


K 
~H 
M O~15’ 
P40C-70-600A 
ITEM MILLIMETERS INCHES 
A 39.13 MAX, 1.541 MAX, 
B 2.67 MAX, 0.106 MAX. 
L 

c 1.778 {TP} 0.070 (T.P.) 
) 0.50 te-10 0.02078:388 
F 0.9 MIN. 0.0365 MIN. 
ic} 3.2793 0.126 £0.012 
H 


——__ - 
0.51 MIN. 0.020 MIN. 
t 4.31 MAX. 0.170 MAX, 
ee 


2 


5.08 MAX, 
15.24 (T.P.) 


13.2 0.620 
M 0.25 78:68 


08 0.010 78:883 
0.17 0.007 


0.200 MAX. 


0.600 (T.P.} 


08H, 70116H 
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NOTE 

Each lead centerline is located within 0.20 
mm (0.008 inch} of its true position (T.P.) at 
maximum material condition. 
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detail of lead end 


P§2GC-100-386,3BH-2 


ITEM] MILLIMETERS INCHES 

A 17.6£0.4 0.69320.016 

B 14,020.2 0.55 199.888 
lc | 14.020.2 0.551°8.338 
[b> | 17.6204 0.693+0.016 
[eT 10 0.039 

6 1.0 0.039 

H 0.4040.10 0.01 6°E 998 

0.20 0.008 

J 1.04T.P.) 0.039 (T.P.) 

K 1,820.2 0.07178 898 
Pt! oge0.2 0.03128 888 

M 0.15%8.8 0.00628. 888 
lw | 0.10 0.004 

P 27 0.106 

a 0.120.1 0.040.004 


a 


3.0 MAX. 0.119 MAX. 
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NOTE 

Each lead centerline is located within 0.20 
mm (0,008 inch) of its true position (T.P.) at 
maximum material condition. 


detail of lead end 


P52G-100-22-2 


18.420.4 
14.020.2 
14.020.2 
18.420.4 
1.0 


MILLIMETERS 


INCHES 
0.72423.018 
0.55 129-398 
0.55 173.008 
0.7247351% 


0.039 


1.0 


0.40+£0.10 


0.039 
001678808 


0.008 


J 1.0 (T.P.) 0.039 (T.P.) 
K 2,240.2 0.08728:838 
L 1,040.2 0.0393:388 
M 0.152938 0.00678 94 
N | 0.15 0.006 
Pp: 1.5£0.1 0.059+0.004 
Q 0.1£0.1 0.004#0.004 
$ 1.7 MAX. 0.067 MAX. 
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uPD70108H, 70116H 


P44L-50A1-2 
NOTE ITEM| MILLIMETERS INCHES 
Each lead centerline is located within 0.12 
mm (0.005 inch) of its true position (T.P.) at A 17.8#0.2 0.689#0.008 
maximum material condition. B 16.58 0.683 
c 16.58 0.653 
D 17.620.2 0.68920.008 
E 1,9420.15 0.07628 38% 
F 0.6 0.024 
G 4,420.2 0.17329 988 
[nH | 2620.2 0.11028988 
i 0.9 MIN. 0,035 MIN. 
J 3.4 0.134 
K 1.27 (T.P.) 0.050 (T.P.} 
| M 0.4040.10 be 0.01649-988 
N 0.12 0,005 
P 15.80#0.20 0.61020.888 
; a 0.15 0.006 
T R08 R 0.031 
] 0.2053 08 0.00828:33 | 
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11. RECOMMENDED SOLDERING CONDITIONS 


uPD70108H, 70116H 


For the uPD70108H and uPD70116H, soldering must be performed under the following conditions. 

For details of recommended conditions for surface mounting, referto information document “Semiconductor 
device mounting technology manual” (JEI-1207). 

For other soldering methods, please consult with NEC sales personnel. 


Table 11-1 Surface Mounting Type Soldering Conditions (1/2) 


(1) pPD70108HGC-XX-3B6: 52-pin plastic QFP ((]14 mm) {resin thick 2.70 mm} 
uPD70116HGC-XX-3B6: 52-pin plastic QFP (1114 mm) {resin thick 2.70 mm} 


(a) V, F rated products 


Soldering Method 


Infrared reflow 


Wave soldaring 


Soldering Conditions 


Package peak temperature: 236°C, Duration: 30 sec. max. (at 

210°C or above), Number of tines: 2 max. 

< precautions > 

(1) The second reflow should be started after the first reflow 
device temperature has returned to the ordinary state. 

(2) Flux washing must not be performed by the use of water 
after the first reflow. 


Package peak temperature: 216°C, Duration: 40 sec. (at 200°C 

or above}, Number of times: 2 max. 

< precautions > 

(1) The second reflow should be started after the first reflow 
device temperature has returned to the ordinary state. 

(2) Flux washing must not be performed by the use of water 
after the first reflow. 


Recommended Condi- 
tions Symbol 


1R35-00-2 


VP15-00-2 


Solder bath temperature: 260°C max., Curation: 10 sec. max,, 
Number of times: 1, Preliminary heat temperature: 120°C 
max. (Package surface temperatura) 


WS60-00-1 


Pin part heating 


Pin temperature: 300°C max., Duration: 3 sec. max. (per 
device sida) 


tb) L rated products 


Soldering Method 


Infrared Reflow 


Soldering Conditions 


Package peak temperature: 230°C, Time: 30 sec, max. (210°C 
min.], Number of times: 1, Number of days": 7 days (after 
this, prebaking is necessary at 125°C for 10 hours} 


+ 


Recommended Condi- 
tions Reference Code 


1R30-107-1 


VPS 


Package peak tamperature: 215°C, Tima: 40 sac. max. (200°C 
min.), Number of times: 1, Number of days"*: 7 days (after 
this, prebaking is necessary at 125°C for 10 hours} 


VP15-107-1 


Wave Soldering 


Solder bath temperature: 260°C max, Time: 10 sec. max., 


Number of times: 1, Number of days'™*: 7 days (after this, 
prebsking is necessary at 125°C for 10 hours), Preheating 
temperature: 120°C max. (Package surface temperature) 


WS60-107-1 


Pin Partial Heating 


Note 
max, 


Pin temperature: 300°C max., Time: 3 sec. max. (per side) 


This means the number of days after unpacking the dry pack. Storage conditions are 25°C and 65% RH 


Caution Do not use one soldering method in combination with another. (however, pin partial heating can 
be performed with other soldering methods). 
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Table 11-1 Surface Mounting Type Soldering Conditions (2/2) 


(2) pPD70108HG-XX-22: 52-pin plastic QFP ((114 mm} (resin thick 1.50 mm} 
H#PD70116HG-XX-22: 52-pin plastic QFP (14 mm} (resin thick 1.50 mm) 


Soldering Method 


Infrared Reflow 


Soldering Conditions 


Package peak temperature: 230°C, Time: 30 seconds max. 
(210°C min.), Number of times: 1, Number of days”: day 


{after this, prebaking is necessary at 125°C for 10 hours) 


uPD70108H, 70116H 


Recommended Condi- 
tions Reference Code 


IR30-101-1 


VPS 


Pin Partial Heating 


Note 
max. 


Package peak temperature: 215°C, Time: 40 seconds max. 
(200°C min.}, Number of times: 1, Number of days": 1 day 
{after this, prebaking is necessary at 125°C for 10 hours) 


VP16-101-1 


Pin temperature: 300°C max., Time: 3 seconds max. (per 
side) 


This means the number of days after unpacking the dry pack. Storage conditions are 25°C and 65% RH 


Caution Do not use one soldering method in combination with another. (however, pin partial heating can 
be performed with other soldering methods). 


(3) yPO70108HLM-XX: 44-pin Plastic QFJ (650 mil} 
uPD70116HLM-XX: 44-pin Plastic QFJ ({]650 mil) 


(a) F rated products 


Soldering Method : 


Infrared reflow 


Soldering Conditions 


Package peak temperature: 230°C, Duration: 30 sec. max. (at 
210°C or above}, Number of times: 1 


Recommended Condi- 
tions Symbol 


{30-00-14 


VPS 


Package peak temperature: 215°C, Duration: 40 sec. max. (at 
200°C or above}, Number of times: 1 


VP15-00-1 


Pin part heating 


Pin temperature: 300°C max., Duration: 3 sec. max. (per 
device side) 


{b)  V, L rated products 


Saldering Method 


Infrared Reflaw 


Soldering Conditions 


Package peak temperature: 230°C, Time: 30 seconds max. 
(210°C min.), Number of times: 1, Number of days": 7 days 
(after this, prebaking is meceasary at 125°C for 10 hours} 


Recommended Condi- 
tions Reference Code 


(R30-107-1 


VPS 


Package peak temperature: 215°C, Time: 40 seconds max. 
(200°C min.), Number of times: 1, Number of days””: 7 days 
(after this, prebaking is necessary at 125°C for 10 hours} 


VP18-107-1 


Pin Partial Heating 


Note 
max. 


Pin temperature: 300°C max., Time: 3 seconds max. (per 
side) 


This means the number of days after unpacking the dry pack. Storage conditions are 25°C and 65% RH 


Caution Do not use one soldering method in combination with another. (however, pin partial heating can 
be performed with other soldering methods). 
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uPD70108H, 70116H 


Table 11-2 Insertion Type Soldering Conditions 


HPD70108HCZ-XX: 40-pin plastic DIP (600 mil) 
HPD70116HCZ-XX: 40-pin plastic DIP (600 mil) 


Soldering Method Soldering Conditions 


Wave Soldering Solder bath temperature: 260°C max., Time: 10 seconds max. 


(Only for pin) 


Pin Partial Heating Pin temperature: 300°C max., Time: 3 seconds max. 
(per pin) 


Caution The wave soldering must be performed at the pin only. Note that the solder must not be 
directly contacted to the package body. 
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[MEMO] 
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uPD70108H, 70116H 


NOTES FOR CMOS DEVICES 


@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS 


Note: Strong electric field, when exposed te a MOS device, can cause destruction of 
the gate oxide and ultimately degrade the device operation. Steps must be 
taken to stop generation of static electricity as much as possible, and quickly 
dissipate it once, when it has occurred. Environmental control must be 
adequate. When it is dry, humidifier should be used. It is recommended to 
avoid using insulators that easily build static electricity. Semiconductor 
devices must be stored and transported in an anti-static container, static 
shielding bag or conductive material. All test and measurement tools including 
work bench and fioor should be grounded. The operator should be grounded 
using wrist strap. Semiconductor devices must not be touched with bare 
hands. Similar precautions need to be taken for PW boards with semiconductor 
devices on it. 


@ HANDLING OF UNUSED INPUT PINS FOR CMOS 


Note: No connection for CMOS device inputs can be cause of malfunction. If no 
connection is provided to the input pins, it is possible that an internal input 
level may be generated due to noise, etc., hence causing malfunction. CMOS 
device behave differently than Bipolar or NMOS devices. Input levels of CMOS 
devices must be fixed high or low by using a pull-up or pull-down circuitry. Each 
unused pin should be connected to Vpo or GND with a resistor, if itis considered 
to have a possibility of being an output pin. All handling related to the unused 
pins must be judged device by device and related specifications governing the 
devices. 


@ STATUS BEFORE INITIALIZATION OF MOS DEVICES 


Note: Power-on does not necessarily define initial status of MOS device. Production 
process of MOS does not define the initial operation status of the device. 
Immediately after the power source is turned ON, the devices with reset 
function have not yet been initialized. Hence, power-on does not guarantee 


out-pin levels, 1/O settings or contents of registers. Device is not initialized 
until the reset signal is received. Reset operation must be executed immedi- 
ately after power-on for devices having reset function. 
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[MEMO] 


No part of this document may be copied or reproduced in any form or by any means without the prior written 


consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this 
document. 

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual 
property rights of third parties by or arising from use of a device described herein or any other liability arising 
from use of such device. No license, either express, implied or otherwise, is granted under any patents, 
copyrights or other intellectual property rights of NEC Carporation or others. 

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices, 
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or 
property arising from a defect in an NEC semiconductor device, customer must incorporate sufficient safety 
measures in its design, such as redundancy, fire-containment, and anti-failure features. 

NEC devices are classified into the following three quality grades: 

“Standard”, “Special”, and “Specific”. The Specific quality grade applies only to davices developed based on 
a customer designated “quality assurance program” for a specific application. The recommended applications 
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each 
device before using it in a particular application. ‘ 

Standard: Computers, office equipment, communications equipment, test and measurement equipment, 
audio and visual equipment, home electranic apptiances, machine tools, personal electronic 
equipment and industria! robots 

Special: Transportation equipment (automobiles, trains, ships, etc.}, traffic control systems, anti-disaster 
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed 
for life support} 

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor contral systems, life 
support systems or medical equipment for life support, etc. 

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC's Data Sheets or Data Books. 
If customers intend to use NEC devices for applications other than those specified for Standard quality grade, 
they should contact NEC Sales Representative in advance. 


Anti-radioactive design is not implemented in this product. 
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V20, V30, V20HL, and V30HL are trademarks of NEC Corporation. 


